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PREFACE 


The  degradation  of  avionics  systems  through  corrosion  has  become  a  costly  problem  in  military  aircraft;  the  high  failure 
rates  attributed  to  corrosion  suggest  that  equipment  is  not  being  designed  for  or  tested  in  environments  likely  to  be  encountered 
on  operations. 

The  Structures  and  Materials  Panel  held  a  Workshop  to  examine  the  extent  of  this  problem;  the  aims  were 

(a)  to  make  the  AGARD  community  aware  of  the  extent  of  the  problem 

(b)  to  ascertain  from  designers  and  materials  specialists  the  state-of-the-art  in  devising  protection  schemes  applicable  to 
avionics 

(c)  to  encourage  further  development  work  on  new  protection  products,  procedures  and  techniques 

(d)  to  determine  the  prospects  for  the  substitution  of  nan  corroding  composite  materials  for  metallic  materials  in 
avionics 

(e)  to  consider  preventive  maintenance  programmes  for  corrosion  avoidance. 

This  document  contains  the  keynote  and  other  presentations  made  to  the  Workshop. 
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ABSTRACT 


Tbit  document  contiim  the  keynote  and  other  preaentatkms  made  at  a  Workshop  held  by  the  Structures  and  Materials 
Panel  on  Avionics  Corrosion.  The  discussion  covered  the  problem's  extent,  the  state  of  the  corrosion-prevention  art  the 
prospects  for  innovative  corrosion  avoidance  techniques  including  the  substitution  of  tvon-metallic  for  metallic  materials  and 
preventive  maintenance  techniques. 


Ce  document  contient  let  documents  deft  ainsi  que  d'autres  exposes,  presenter  au  court  de  1' Atelier  organise  par  le 
Croupe  charge  dcs  Structures  et  dcs  Matenaux,  sur  la  corrosion  affectant  I'avionique.  La  discussion  a  porte  sur  I'ensemble  du 
probiime,  sur  I'dtal  actud  de  la  technique  concernant  la  prevention  de  la  corrosion,  sur  les  perspectives  en  matiere  de 
techniques  innova  trices  permettant  d'evitcr  la  corrosion,  y  compris  le  r  emplacement  de  materiaux  metalliques  par  des 
materiaux  non-metalliques,  et  les  techniques  de  maintenance  preventive. 
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SUMMARY 

f  ^  > 


The  paper  will  discuss  the  major  causes  of  corrosion  in  the  Navy's  avionic 
equipment  and  providtfmpecific  examples  of  corrosion  failures.  Maintenance  and 
readiness  data  summaries  ^»ill  be^included  to  denote  further  the  corrosion  problem 
severity.  Corrective  measures  fin  design 
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testing  and  maintenance^will  be  reviewed. 
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In  today's  sophisticated  naval  aircraft,  the  avionic  systems  represent  30-50%  of 
the  cost  of  the  total  weapon  systems  and  their  performance  is  critical  to  the  overall 
mission  capability.  Consistently  however,  the  reliability  of  such  equipment  when  it  is 
deployed  in  fleet  service  is  significantly  below  that  predicted  during  the  design  and 
demonstration  phases.  There  are  military  specifications,  standards  and  handbooks  that 
describe  design  characteristics  of  various  components  that  are  to  be  used  in  new 
avionic  equipment.  Also,  there  are  laboratory  tests  designed  to  demonstrate  the 
capability  of  the  assembled  equipment  to  meet  prescribed  requirements  relative  to 
shock,  vibration,  salt  spray,  temperature,  EMI,  and  other  characteristics  that  can  be 
quantified  and  measured.  These  design  and  test  requirements,  however,  have  not  been 
adequate  to  preclude  the  recurring  increased  failure  rates  when  equipment  is  operated 
and  maintained  in  the  naval  environment. 


Investigations  conducted  during  the  past  ten  years  have  increasingly  identified 
corrosion  as  a  major  unforeseen  degradation  factor  for  electronics  placed  in  the  naval 
aircraft  fleet  environment.  While  fleet  conditions  are  difficult  to  duplicate  in  a 
laboratory,  it  is  possible  to  minimize  equipment  susceptibility  through  enlightened 
design  -  once  the  causal  factors  are  recognized  and  understood.  On-site  surveys  (1) 
of  front  line  combat  aircraft  have  concluded  that  the  significant  design  factors 
contributing  to  corrosion  are)  poor  resistance  to  moisture  intrusion,  numerous 
unnecessary  matings  of  dissimilar  metals,  and  fluid  conduits  within  the  airframe. 

MOISTURE  AMD  FLUID  INTRUSION 

Avionic  equipment,  whether  internal  or  external  to  the  aircraft,  on  the  repair 
bench  or  in  storage  can  be  susceptible  to  conditions  such  as  changing  temperatures  and 
pressures,  varying  humidity,  dust,  dirt  and  industrial  pollutants  in  the  atmosphere. 

In  addition  the  Navy's  aircraft  carrier  environment  exposes  sensitive  electronics  to  a 
combination  of  moisture,  acidic  deposits  from  stack  gases,  jet  engine  exhaust,  and  salt 
spray.  The  equipment  that  suffers  the  most  from  these  environmental  effects  are  those 
mounted  external  to  the  airframe  such  as)  antennas,  electronic  countermeasure  pods, 
photographic  pods  and  lights.  There  are  many  situations  where  avionic  devices  are 
installed  behind  doors  and  panels  that  leak  during  flights  through  rainstorms  or  on  low 
level  flights  over  water.  If  the  integrity  of  the  airframe  is  less  than  perfect  during 
rainstorms,  fresh  water  washdowns  can  be  equally  hazardous.  High  pressure  washing  units 
deluge  the  eircraft  with  tremendous  amounts  of  water  in  a  short  time.  Two  prime 
examples  of  susceptibility  to  this  condition  are  the  clamshell  doors  on  helicopters  and 
radomes  on  fixed  wing  aircraft.  These  doors  and  radomes  leak  like  sieves  when  the 
gaskets  become  worn  or  damaged.  In  addition,  exhaust  fan  inlet  ducts,  ram  air  cooling 
ducts,  and  vapor  exhaust  ports  that  are  designed  without  a  self-sealing  mechanism 
become  excellent  access  areas  for  water  and  mositure  intrusion.  Helicopters,  in 
particular,  are  designed  with  minizutl  consideration  for  the  operational  environment. 
There  are  numerous  flight  scenarios  that  require  cockpit  windows  and  cabin  doors  to  be 
open.  Numerous  cases  exist  whers  control  boxes  and  communication  equipment  are  mounted 
aft,  or  below,  the  door  and  window  openings,  allowing  water  to  enter  the  equipment. 
Figure  1  provides  an  excellent  example  of  the  effects  of  water  intrusion.  This  severely 
corroded  power  supply  sub-assembly,  mounted  in  the  turtle  back  area  behind  the  cockpit 
on  the  A- 6  aircraft,  was  victimized  by  frequent  water  intrusion  soakings. 

The  external  bulkhead  electrical  connectors,  external  wire  and  cable  runs,  antenna* 
control  linkages  and  other  such  areas  where  the  shell  of  the  fuselage  is  penetrated  can 
become  potential  sources  for  moisture  and  fluid  intrusion.  The  list  of  airframe 
integrity  problems  relative  to  water  intrusion  during  flight  is  extensive. 


Besides  the  water  intrusion  problems  occurring  during  flight,  airframe  integrity  is 
compromised  also  in  the  maintenance  periods.  Many  additional  problems  are  encountered 
while  aircraft  are  parked  on  the  flight  deck.  In  general  during  the  majority  of  their 
ground  time  aircraft  are  opened  up  or  unbuttoned  to  some  degree.  The  need  for  canopies 
to  be  open  during  certain  maintenance  functions  produces  situations  where  rain  and  salt- 
spray  My  soak  cockpit  avionic  components.  The  removal  of  a  waveguide  or  a  doppler  or 
ADF  antenna  from  the  aircraft  exposes  the  supporting  electrical  connectors,  harnesses 
and  cables  to  the  envirorawnt.  The  troubleshooting  of  radars  on  fighter  and  attack 
aircraft  My  require  the  radcxnes  to  be  open  for  hours  on  end,  continually  exposing  the 
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equipmnt  to  rain  and  aalt-apray.  The  same  ia  true  during  troubleshooting  in  avionic 
bays  and  compartments. 

Environmental  control  systems  add  another  insidious  facet  to  the  overall  problem 
of  moisture  and  fluid  intrusion.  These  systems  are  not  operated  on  a  round  the  clock 
basis.  The  avionics  are  protected  while  the  environmental  control  system  is  supplying 
conditioned  air  during  flight  and  then  are  exposed  to  a  completely  different  and 
harsher  environment  during  the  more  extensive  time  spent  on  the  ground.  The  equipment 
becomes  particularly  prone  to  water  condensation  when  the  aircraft  after  sitting  for 
long  periods  of  time  on  a  hot  carrier  deck  undergoes  rapid  changes  in  temperature  at 
flight  altitudes.  Moisture  condenses  on  cooled  surfaces,  during  flight,  and  then  is 
trapped  until  natural  evaporation  mechanisms  take  over  during  down  time. 

After  moisture  or  fluids  enter  an  airframe  or  avionic  compartment  it  may  follow 
a  natural  conduit  directly  into  a  sophisticated  piece  of  avionic  equipment.  Hydraulic 
and  fuel  lines,  control  surface  linkages,  oxygen  lines,  waveguides,  structural  stringers 
and  electrical  wire/cable  runs  act  as  natural  conduits  to  moisture  and  fluids.  It  is 
common  to  find  that  antenna  and  radars  mounted  in  the  lower  fuselage  are  adversely 
affected  by  moisture  intrusion  which  runs  down  the  antenna  coaxial  cable  and/or  wave¬ 
guide  that  carry  the  signals  to  and  from  the  equipment.  As  these  cables  and  waveguides 
pass  through  deck  plates  and  bulkheads,  where  water  is  present,  they  act  as  conduits 
carrying  the  fluid  into  the  connectors  attached  to  the  equipment. 

THE  EFFECTS  OF  CORROSION  ON  AVIONIC  COMPONENTS 

The  avionic  systems  on  aircraft  are  not  isolated  'black  boxes'  sealed  against  the 
environment.  There  are  many  components,  relays,  terminal  boards,  circuit  breaker  panels, 
switches,  lights,  etc.  that  make  up  a  complete  system.  In  addition,  a  sophisticated 
aircraft  may  contain  miles  of  wire  and  coaxial  cables  and  hundreds  of  electrical  con¬ 
nectors.  Corrosion  attack  on  the  various  elements  that  make  up  the  total  avionic 
systems  can  create  numerous  problems  in  relation  to  reliability  and  maintainability. 
Table  1  summarizes  the  effects  of  corrosion  on  avionic  components. 

Antennas  are  the  most  corrosion  prone  components  in  the  Navy’s  airborne  electronic 
systems.  The  problem  of  antenna  corrosion  have  become  more  severe  in  recent  years  due 
to  the  increased  number  of  avionic  systems  which  has  created  the  need  for  many  addi¬ 
tional  antennas  per  aircraft.  Corrosion  of  antennas  and  associated  hardware  can  cause 
degradation  in  system  performance  through  shorts,  open  circuits,  signal  attenuation, 
electromagnetic  interference  (EMI),  or  structural  damage  to  the  aircraft.  Antenna 
installations  show  a  consistent  pattern  in  the  extensive  use  of  dissimilar  metals,  a 
lack  of  consideration  during  design  to  the  problems  of  moisture  and  fluid  intrusion, 
and  inconsistencies  in  the  maintenance  materials  and  procedures  provided  on  like 
antennas  installed  in  different  aircraft  types.  These,  problems  when  considered 
collectively,  have  created  both  system  reliability  degradation  and  a  significant 
consumption  of  maintenance  manhours.  Antenna  and  antenna  mount  corrosion  is  especially 
common  to  pressurized  aircraft,  and  this  is  particularly  true  to  lower  fuselage 
installations,  when  the  aircraft  is  pressurized,  various  liquid  contaminants, 
including  toilet  leakage,  oil  and  hydraulic  fluid,  are  forced  into  any  crack,  crevice, 
or  fitting  available!  and  there,  awaiting  destruction,  is  the  inverted  antenna  bottom 
and  antenna-mount  fasteners  together  with  cable  connectors.  The  lower  fuselage 
antennas  of  non-pressurized  aircraft  are  subject  to  the  same  problems.  Corrosion  just 
takes  a  little  longer.  Upper  fuselage  antennas  are  subject  to  infiltration  of  electro¬ 
lyte  through  condensation  and  aspiration. 

In  an  attempt  to  alleviate  the  antenna  corrosion  problem,  a  program  was  undertaken 
to  determine  improved  corrosion  preventive  materials  and  processes.  Representative 
antenna  installations  were  selected  for  a  fleet  evaluation  of  these  maintenance 
procedures.  A  test  plan  was  developed  that  provided  the  guidelines  for  conducting  the 
fleet  evaluations  to  assess  the  effectiveness  of  these  materials  and  processes.  Under 
Coamander,  Air  Force  Pacific  (COMNAVAIRPAC)  and  Commander,  Air  Force  Atlantic 
(COMNAVAIRLANT)  sponsorship  and  in  coordination  with  the  appropriate  Fleet  Wings,  the 
test  plan  maintenance  procedures  and  material  applications  were  applied  to  various 
types  of  aircraft  antennas.  The  test  period  covered  180  days. 

The  antenna  installations  selected  for  evaluations  are  listed  in  Table  2.  The  main 
basis  of  selection  was  that  the  antennas  should  represent  the  different  types  each  with 
its  own  distinctive  corrosion  problems.  For  example,  the  P-3  HF  long  Wire  antenna  is 
subject  to  corrosion  and  arcing  due  to  water  intrusion  into  the  tensioner  assembly  and 
tbe  insulator;  the  8-46  radio  antenna  has  a  whip  antenna  mounted  on  the  lower  skin  that 
haa  a  particular  problem  due  to  water  entrapment  around  the  electrical  attachment 
inside  of  tbe  fuselage)  and  the  A-7  Lower  TACAN/IFF  antenna  has  a  major  problem  due  to 
the  presence  of  water  and  other  fluids  in  a  bathtub-like  area  where  the  coaxial  lead 
penetrates  tbs  fuselage  skin  to  the  antenna.  Similarly,  the  H-3  No.  1  UHF/Comm  Normal 
(lower)  and  Alternate  (upper)  antennas  are  skin  mounted  and  require  a  conductive  gasket 
between  tbs  antenna  base  and  the  skin.  These  antennas  are  subject  to  the  same  moisture 
intrusion  as  the  A-7  aircraft,  yet  the  A-7  installation  requires  no  conductive  gasket. 
Tbe  W-3  Doppler  has  a  particularly  bad  problem  because  that  portion  of  the  antenna 
ifitarlor  to  tbs  aircraft  is  located  in  the  fuselage  low  point  area  and,  therefore,  sub¬ 
ject  to  a  variety  of  standing  fluids. 
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Table  2,  also,  Hats  the  corrosion  maintenance  data  for  the  selected  antenna.  The 
list  contains  the  total  maintenance  actions  reported  total  related  corrosion  main¬ 
tenance  actions  and  corrosion  percentage.  The  numbers  are  based  on  the  corrective 
maintenance  actions  performed  at  the  first  two  levels  of  maintenance)  the  organi¬ 
sational  or  squadron  level  and  the  intermediate  level.  The  numbers  x -fleet  the 
magnitude  of  the  corrosion  problem  in  these  antennas.  The  corrosion  maintenance 
actions  attributable  to  corrosion  damage  range  from  11  to  85%. 

Selections  of  materials  for  this  fleet  level  corrosion  control  were  based  on  the 
following  considerations: 

1.  There  should  be  no  detrimental  effects  on  the  operation  of  systems  or 
coisponents. 

2.  They  should  possess  demonstrated  effe  tive  corrosion  preventive  properties. 

3.  Insofar  as  possible,  they  should  be  materials  that  presently  are  available 
in  the  Naval  Aviation  supply  system. 

During  the  implementation  of  the  test  program  these  procedures  were  applicable 
to  any  of  the  rigid  type  antenna  bases  (blade,  whip,  or  long  wire  mast  base) .  The 
step-by-step  actions  for  cleaning,  application  of  corrosion  preventives  and  sealing  of 
these  antenna  bases  were: 

a.  Removed  dirt,  oil,  and  grease  from  contact  surfaces  of  the  antenna  and 
aircraft  skin  using  cleaning  cloth  dampened  with  dry  cleaning  solvent. 

b.  Removed  minor  surface  corrosion  with  an  abrasive  mat. 

c.  On  areas  where  the  corrosion  products  were  abrasively  removed,  applied 
Chemical  Conversion  Coating,  MIL-C-81706,  Class  3,  to  the  bared  surface.  The  Class  3 
material  was  used  because  it  provides  a  thinner  coating  with  lower  electrical 
resistivity. 

The  procedure  is  applicable  to  the  A-7  aircraft  lower  tACAN/IFP  antenna,  shown 
in  Figure  2,  and  was  evaluated  on  two  A-7E  aircraft. 

Since  the  A-7  lower  tACAN/lFF  antenna  installation  did  not  require  a  conductive 
gasket,  the  following  mounting  procedures  were  used: 

a.  Removed  anodize  on  screw  countersink  areas  of  antenna  base  in  order  to  provide 
good  electrical  conductivity  from  the  base  to  the  screws. 

b.  Applied  Chemical  Conversion  Coating,  MIL-C-81706,  Class  3,  on  bared  counter¬ 
sink  areas. 

c.  Applied  an  even  coating  of  corrosion  Preventive  Compound,  MIL-C-16173,  Grade 
4,  on  both  the  aircraft  skin  surface  and  the  flat  side  of  the  antenna  base  which  mates 
against  the  aircraft  skin.  The  Grade  4  material  is  a  soft,  tacky  to  the  touch, 
coating  when  it  dries  and  has  been  used  for  many  years  as  a  general  preservative  on 
naval  aircraft. 

d.  Conducted  electrical  resistance  test  to  check  for  a  good  grounding  connection. 
The  grounding  specification  requires  the  resistance  not  to  exceed  0..  ohms.  (The 
milliohmmeter  reading  for  these  antenna  installations  were  both  0.02  ohms.) 

e.  Applied  a  fillet  of  corrosion  inhibited  polysulfide  sealant,  MIL-S-81733, 

Type  II,  around  the  outside  of  the  antenna  base  on  one  aircraft  and  a  fillet  of  MIL-S- 
8802  polysulfide  sealant  without  inhibitors  on  the  antenna  on  the  other  aircraft  to 
form  a  watertight  seal. 

f.  Covered  the  fastener  heads  with  Corrosion  Preventive  Compound,  MIL-C-16173, 
Grade  4. 

Corrosion  inside  of  an  antenna  coaxial  connector  is  a  principal  cause  of  antenna 
performance  degradation  (Figure  3),  Therefore,  the  cleaning  and  preserving  of  the 
antenna  connectors  is  important  to  reduce  the  effects  of  moisture  intrusion.  Through¬ 
out  the  test  program  the  cleaning  and  preserving  of  these  connectors  were  accomplished 
during  the  various  installations  by  the  following  procedures: 

a.  With  the  connector  sections  mated,  corrosion  was  removed  with  an  abrasive  mat. 

b.  Connectors  were  opened  and  internal  sections  were  cleared. 

c.  The  internal  areas  were  sprayed  with  a  water  displaying  corrosion  preventive 
cosqxmnd  MIL-C-81309,  Type  III.  The  MIL-C-81309  materia]  forms  an  ultra  thin  tacky 
(soft)  film  that  is  designed  so  that  it  is  displaced  by  the  wiping  action  of  a  sliding 
electrical  contact,  yet  the  film  is  self-healing  (reforms)  in  non-contact  areas  after 
diaplacement.  The  resultant  lack  of  disruption  to  DC  continuity  through  the  male/female 
type  of  connections  due  to  the  MIL-C-81309,  Type  III,  film  has  been  well  established.  ' 4 
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d.  The  connectors  were  then  mated  and  a  coating  of  another  water  displacing 
corrosion  preventive  compound,  MIL-C-850545,  was  applied  to  the  exterior  surface  of  the 
connector.  This  material  dries  to  a  relatively  thick  (1  to  2  mils)  hard,  clear  finish 
and  has  been  used  successfully  on  navair  aircraft  to  protect  exterior  skin  surfaces  in 
areas  where  paint  has  chipped  or  cracked  leaving  exposed  bare  metal. 

From  the  reports  submitted  by  the  designated  fleet  squadrons  at  the  start,  at  the 
26  days  inspection  intervals,  and  at  the  completion  of  the  evaluation  when  the 
antennas  were  removed  the  following  results  were  summarized. 

a.  Throughout  the  180  day  evaluation,  all  the  test  items  were  reported  from 
excellent  to  satisfactory,  and  none  showed  evidence  of  corrosion  or  problems  with  the 
materials  used. 

b.  All  reports  indicated  that  the  solvents,  cleaning  materials,  and  other  main¬ 
tenance  chemicals,  had  no  effect  on  the  sealants  or  corrosion  preventive  materials 
applied  to  the  test  items. 

c.  Throughout  the  evaluation  period,  there  was  only  one  reported  failure.  This 

was  on  the  ADF  antenna  on  the  SH-3H  helicopter.  The  failure  was  discovered  during 
troubleshooting  of  a  discrepancy  in  the  system.  When  the  antenna  was  removed  approxi¬ 
mately  3  ounces  of  water  ran  out  of  the  antenna  installation  area.  No  corrosion, 

however,  could  be  detected  on  the  antenna  and  there  was  no  indication  that  the  presence 
of  this  water  was  the  cause  of  the  functional  failure  of  the  ADF  antenna. 

Upon  removal  of  the  A-7E  lower  tACAN  antenna  it  was  observed  that  a  combination  of 
fluids,  mostly  hydraulic  oil  and  water  had  collected  on  the  internal  contact  surfaces, 
however,  the  corrosion  preventive  compound  MIL-C-16173  Grade  4  prevented  the  fluids 
from  affecting  the  antenna  and  the  aircraft  mounting  area.  There  were  no  visible  signs 
of  corrosion. 

When  the  antenna  connectors  were  disconnected  they  were  in  the  same  condition  as 
when  they  were  connected  at  the  beginning  of  the  evaluation  period.  There  was  no 
evidence  of  external  connector  corrosion.  As  Figure  4  shows  the  antenna  coaxial 
connector  appears  to  be  clean  after  the  six  month  test  even  through  fluids  and  foreign 
matter  from  the  inside  of  the  aircraft  are  all  around  the  base  of  the  connector. 

While  it  is  significant  that  corrosion  was  prevented,  no  method  evaluated  was  able 
to  seal  the  lower  fuselage  skin  opening  through  which  the  co-ax  cable  connects  to  the 
antenna.  In  many  installations  there  is  no  practical  access  to  the  skin  opening  from 
the  inside  of  the  fuselage,  hence  sealing  around  the  coax  cable  after  the  antenna  was 
installed  could  not  be  done.  In  such  cases,  sealing  around  the  outside  base  of  the 
mounted  antenna  stopped  moisture  intrusion  into  the  antenna  base  to  skin  interface  from 
only  one  of  the  two  possible  entry  areas. 

SPECIAL  COAXIAL  CONNECTOR  TESTING 

Special  testing  of  coaxial  connectors  was  conducted  6  to  assure  that  the  MIL-C-81309 
type  III  water  displacing  corrosion  preventive  material  used  on  the  internal  contact 
areas  would  cause  no  detrimental  effects.  Traditionally  no  preservatives  have  been  used 
inside  of  a  coax  connector  because  of  fears  that  any  foreign  material  would  alter  the 
characteristic  capacitance  created  by  the  spacing  and  insulation  between  the  inner  and 
outer  conductors.  This  characteristic  is  particularly  critical  in  those  lines  for  which 
changes  in  capacitance  is  used  as  a  sensor  in  the  system-such  as  in  a  capacitive  type  of 
fuel  quantity  indicating  system.  Any  change  in  the  dielectric  between  the  inner  and 
outer  conductor  also  can  affect  the  impendance  of  an  antenna  line  (connector) . 

Special  tests  with  relatively  sensitive  measuring  equipment  were  made  to  determine 
the  electrical  (RF  transmission)  effects  incurred  by  the  use  of  MIL-C-81309,  Type  III, 
Water  Displacing  Corrosion  Preventive  Compound  in  coax  connectors.  The  tests  were 
conducted  using  TDK  (Time  Domain  Ref lectometry)  and  FDR  (Frequency  Domain  Reflecto- 
roetry)  equipment  to  sweep  a  coax  assembly  over  a  frequency  range.  Two  runs  were  made  on 
the  line/connector  read  assembly  with  no  corrosion  preventive  applied  to  determine  the 
repeatability  of  the  test.  Following  that,  runs  were  made  with  MIL-C-81309,  Type  III, 
Class  2,  applied  to  both  sections  (male  and  female)  of  the  contractor.  No  attenuation 
of  signal  or  change  in  characteristic  impedance  resulted  from  the  presence  of  M1L-C- 
81309  material  in  the  coaxial  connectors  over  the  frequency  range  measured. 

Considering  the  large  number  of  electrical  connectors  in  a  modern  aircraft, 
connector  water  and  corrosion  damage  cause  some  of  the  most  costly  repairs  in  the  Navy's 
avionic  maintenance  business.  The  major  problem  with  connectors  is  that  of  water 
intrusion  or  fluid  contamination  that  causes  corrosion,  insulation  damage,  short 
circuits,  fire,  signal  loss  or  intermittancy ,  wire  failure  through  insulation  and/or 
connector  damage  and  grommet  seal  swell  or  shrinkage. 

Connector  shell  corrosion  occurs  when  protective  finishes  are  damaged  and  expose 
the  base  metal.  Visual  inspection  of  the  outer  surface  of  connectors  is  not  always  a 
good  indication  of  their  condition.  Many  connectors  that  outwardly  appear  acceptable 
are  in  fact  heavily  corroded  internally  and  are  impossible  to  decouple  without 
component  damage. 
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The  use  of  a  thin  electroless  nickel  plating  over  6061  aluminum  on  connector 
shells  has  caused  serious  corrosion  problems  as  shown  in  Figure  5.  Cracks  develop  in 
the  nickel  plating  and  when  the  surface  is  wet  a  galvanic  cell  is  created  with  the 
aluminum  corroding  sacrificially .  Figure  4  illustrates  the  effects  of  this  galvanic 
corrosion  on  two  coaxial  connectors. 

In  an  attempt  to  correct  this  problem,  Jankowski ^  evaluated  coatings  for 
electrical  connector  shells.  The  effort  led  to  the  use  of  a  duplex  nickel-cadmium 
plating,  which,  while  not  preventing  corrosion,  does  provide  improved  corrosion 
protection.  The  use  of  water  displacing  corrosion  preventive  compounds  provides 
additional  protection.  The  use  of  non-metallic  connector  shells,  however,  represents 
an  approach  which  may  completely  eliminate  this  problem. 

New  developments  in  injection  molded  reinforced  polymeric  materials  make  them 
viable  candidates  for  connector  applications,  avionic  enclosures  and  fittings.  Ease 
of  fabrication  and  promising  mechanical  properties  are  some  of  the  reasons  these 
materials  are  attractive  alternatives  to  metals.  Additionally,  these  resins  can  be 
reinforced  with  chopped  conductive  reinforcements  such  as  graphite,  metallized  . 

graphite  and  stainless  steel  to  provide  electrical  conductivety  and  EMI  shielding.  *  iU 
Secondary  schemes  such  as  metallic  coatings  and  platings  can  be  utilized  to  supplement 
shieldings  from  conductive  reinforcements.  Connectors  with  shells  fabricated  from  a 
40%  graphite  chopped  fiber  reinforced  polyphenylene  sulfide  thermoplastic  composite 
material  were  installed  in  the  right  wheel  well  switching  assembly  on  four  F-14  air¬ 
craft  in  September  1983.  This  connector  perform*  a  non-critical  function  in  the 
counting  accelerometer  system  and  due  to  its  location  is  exposed  to  the  severest 
environmental  conditions.  After  more  then  three  years  of  exposure  to  the  service 
environment  that  there  is  no  evidence  of  deterioration,  as  shown  in  Figure  6,  and  no 
electrical  problems  have  occurred  and  no  maintenance  has  been  performed  on  any  of  the 
connectors. 

Some  40-50%  of  the  weapon  removal  assemblies  removed  from  an  aircraft  for  cause 
are  returned  to  a  servicable  condition  by  printed  wiring  board  reseating.  In  a  sense, 
reseating  is  a  form  of  localized  cleaning  of  corrosion  from  edge  connectors.  The 
vulnerability  to  this  failure  mode  for  the  typical  blade  plug-in  type  of  edge  connectors 
is  dependent  upon  the  positioning  of  the  PWB  within  the  equipment  and  the  severity  of 
the  environment  within  the  equipment.  PWBs  mounted  horizontally  are  especially  sus¬ 
ceptible  to  accumulations  of  dust,  dirt,  debris,  moisture  condensation  and  spillage. 
Vertically  positioning  PWBs  minimizes  such  an  accumulation  of  contaminants  on  the 
board  (and  allows  better  convection  cooling) .  From  a  corrosion  and  reliability  .cand- 
point,  the  poorest  location  for  edge  connectors  on  a  vertically  mounted  PWB  is  along 
the  lower  or  bottom  edge.  Moisture  and  hygroscopic  debris  will  collect  along  this  edge. 
There  are  a  number  of  instances,  where,  due  to  inadequate  housing  drainage,  the  lower 
edge  of  the  PWBs  and  the  edge  connectors  have  been  immersed  in  standing  water.  It  is 
recognized  that,  from  a  convenience  viewpoint ,  it  is  very  handy  to  be  able  to  remove 
a  lid,  lift  out  a  PWB,  and  drop  in  (pressing  down  to  seat)  the  replacement  PWB.  To 
minimize  susceptibility  to  corrosion,  however,  the  PWB  edge  connectors  should  be 
mounted  on  a  vertical  edge  or  the  back  of  the  board  -  not  the  bottom. 

Normally,  equipment  bay  doors  must  maintain  r.f.  and  d.c.  electrical  continuity 
between  the  door  and  the  surrounding  airframe  to  prevent  EMI  (electro-magnetic  inter¬ 
ference)  both  from  entering  installed  equipment  as  well  as  radiating  externally  to  the 
aircraft  from  the  installed  equipment.  Because  of  the  large  size  of  most  equipment 
bay  doors,  very  close  spacing  of  fasteners  as  a  means  of  controlling  EMI  becomes 
impractical  due  to  maintainability  penalties.  Indeed,  the  space  between  fasteners  can 
act  as  a  slot  antenna  greatly  increasing  the  EMI  problem. 

To  prevent  EMI  leakage,  conductive  gaskets  are  often  used  to  provide  the  con¬ 
tinuity  needed  to  preclude  the  passage  (in  or  out)  of  r.f.  or  other  forms  of  radiated 
energy.  The  conductive  EMI  gaskets  achieve  their  conductivity  by  metallic  particle  or 
mesh  embediment  in  the  gasket  or  seal.  Frequently,  this  embediment  is  a  dissimilar 
metal  that  is  very  cathodic  to  the  door  and  airframe  skin.  Typically,  silver,  copper 
or  graphite  has  been  placed  in  electrical  contact  with  aluminum  skin.  The  products 
of  this  corrosion  are  insulative  and  severely  degrade  the  electrical  effectiveness  of 
the  EMI  gasket.  The  wire  mesh  embediment  type  of  gasket  also  can  be  subject  to 
wicking  of  moisture  along  the  embedded  strands  with  resultant  corrosion.  The  inclusion 
of  the  conductive  materials  in  the  elastromeric  gasket  degrades  the  capability  of  the 
gasket  to  perform  the  sealing  function,  and  the  mating  of  the  highly  conductive  metals 
to  the  aluminum  housing,  doors,  aircraft  skin,  etc.,  creates  bimetallic  couples  that 
will  severely  corrode  (and  destroy  the  EMI  function)  if  the  seal  is  less  than  perfect. 

In  short,  the  two  functions  being  attempted  with  an  EMI  gasket  appear  to  be  mutually 
incompatible. 

A  possible  solution  to  this  problem  is  the  application  of  water-displacing 
corrosion  preventive  compounds  such  as  MIL-C-81309,  Type  III,  on  the  exposed  aluminum 
surfaces  where  the  EMI  gasket  metallic  particles  can  penetrate  the  compound  so  as  to 
maintain  the  integrity  of  the  system.  This  method  requires  reapplication  of  the  com¬ 
pound  each  time  the  integrity  of  the  seal  is  broken.  This  puts  the  burden  of  continued 
reliability  on  the  repair  technician.  A  gasket  configuration  with  separate  provisions 
for  the  EMI  and  the  environmental  protection  requirements  is  the  best  technology  avail¬ 
able  at  the  present  time.  This  requires  an  environemntal  gasket  on  both  sides  of  the 
EMZ  gasket.  Assure  the  outside  protective  surface  finishes  go  around  the  corners  and 
under  the  environmental  gasket. 
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CORROSION  PREVENTION 

Nhan  an  avionic  corrosion  pravantion/control  program  was  established  by  the  Naval 
Air  Systems  Cnee and,  a  aajor  aaphasia  of  tha  prograa  becaae  the  preparation  of  a  rleet 
maintenance  manual.  Tha  lack  of  preventive  maintenance  guidelines  had  been  recognised 
as  a  contributing  factor  for  tha  high  maintenance  requireaents  for  airborne  elec¬ 
tronics.  In  Nay  1978,  NAVAIR  16-1-540,  Avionic  Cleaning  and  Corrosion  Prevention/ 
Control  Manual,  was  issued  to  the  Fleet.  Tha  aanual  provides  instructions  for 
inspecting  for  and  recognising  corrosion  in  its  early  stages  and  identifier  materials 
and  procedures  necessary  for  cleaning  and  corrosion  control.  The  manual  11  revised  in 
1981  has  been  adopted  by  the  0.  8.  Air  Force  and  Army  as  a  tri-service  document. 

A  prototype  cleaning  facility  was  established  to  evaluate  the  effectiveness  of 
various  cleaning  methods  for  avionic  equipment.  The  results  of  this  study  determined 
the  optimum  types  of  cleaning  and  corrosion. reswval  equipment  to  be  supplied  to  the 
maintenance  activities  for  use  on  avionics. 

Since  the  best  and  ultimately  least  expensive  time  to  stop  corrosion  is  at  the 
design  stage,  a  program  was  initiated  to  develop  a  designers*  guide  for  avionic 
corrosion  prevention  and  control.  The  design  guide  titled,  "Design  Guidelines  for 
Avionics  Corrosion  Prevention  and  Control'  was  written  and  issued  as  MAVMAT  P  4855-2, 
June  1983.  The  guide  identifies  critical  design  features,  structural  configurations, 
materials,  material  combine t lone  and  inadequate  corrosion  protection  methods  that  have 
led  to  poor  reliability  and  high  maintenance  requirements  for  avionic  equipment  placed 
in  the  Navy's  severe  operating  environment.  This  guide  ia  intended  to  provide  an 
awareness  of  the  corrosion  problems  that  develop  on  the  Navy's  equipswnt  and  provide 
design  methods  that  can  be  used  to  avoid  or  minimise  them.  It  ia  not  to  be  the  intent 
of  this  guide  to  dictate  design  criteria,  but  to  docuamnt  current  corrosion  problesis 
so  that  they  may  be  considered  and  avoided  in  the  future. 

CONCLUSIONS 

Corrosion  and  environmental  degradation  being  natural  phenomena  will  never  be 
eliminated,  but  it  is  reasonable  to  expect  that  the  problems  that  do  develop  in  the 
avionics  systems  in  the  future  can  be  lass  severe  and  better  controlled  than  those 
presently  being  encountered.  However,  this  goal  can  be  achieved  only  through  an 
aggressive  technological  effort  directed  towards  the  understanding  of  feilure  mecha¬ 
nisms,  development  of  new  improved  corrosion  control  materials  and  methods,  and  the 
prudent  utilisation  of  innovative  protection  technology  in  the  design,  manufacture 
and  service  life  of  the  avionics  equipawnt. 
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TABU  1.  EFFECTS  OF  CORROSION  OH  AVIONIC  components 
COMPONENT  FAILURE  MODE 


ANTENNA  ST  STEMS 


CHASSIS,  BOOSING,  COVERS,  AMD 
MOUNTING  FRAMES 

SMOCK  MOUNTS  AMD  SOFPORT8 


CONTROL  BOX  MECHANICAL  AMD  ELECTRICAL 
TONING  LINEAGE  AMD  MOTOR  CONTACTS 

MATER  TRAPS 

RELAY  AMD  SNITCHING  SYSTEMS 

PLUGS,  CONNECTORS,  JACKS  AND  RECEPTACLES 

MULTI-PIN  CABLE  CONNECTORS 

PONER  CABLES 

DISPLAY  LAMPS  AND  NING  LIGHTS 

WAVEGUIDES 

RADAR  PLUMBING  JOINTS 

PRINTED  CIRCUITS  AND  MICROMINIATURE 
CIRCUITS 

BATTERIES 

BOS  BARS 
COAXIAL  LINES 


Shorte  or  changes  in  circuit  constants  and 
structural  deterioration. 

Contamination,  pitting,  loss  of  finish  and 
structural  deterioration. 

Deterioration  and  loss  of  shock  effective- 


intermittent  operation  and  faulty  frequency 
selection. 

Structural  deterioration. 

Mechanical  failure,  shorts,  intermittent 
operation  and  signal  loss. 

Shorts,  increased  resistance,  intermittent 
operation  and  reduced  system  reliability. 

Shorts,  Increases  resistance,  intermittent 
operation  and  water  seal  deterioration. 

Disintegration  of  insulation  and  wire/ 
connector  deterioration. 


Intermittent  operation, 
electrical  failures. 


echanical  and 


Loss  of  integrity  against  moisture,  pitting, 
reduction  of  efficiency  and  structural 
deterioration. 

Failure  of  gaskets,  pitting  and  power  loss. 

Shorts,  increased  resistance,  component  and 
system  failures. 

High  resistance  at  terminals,  failure  of 
electrical  contact  points  and  structural 
deterioration  of  mounting. 

Structural  and  electrical  failures. 

Impedance  fluctuations,  loss  of  signal  and 
structural  deterioration  of  connectors. 


TABLE  2.  ANTENNA  CORROSION  CORRECTIVE  MAINTENANCE 


Aircraft  Nomenclature 


Total 

Maintenance  Actions 


Total  Corrosion 
Maintenance  Actions 


Percent 

Corrosion 


A-7 

Lower  TACAM/IFF 

281 

240 

85% 

H-3 

No.  1  UHF/Coum 
(normal) 

155 

103 

66% 

H-3 

No.  1  UHF/Comi 
(alternate) 

58 

33 

57% 

P-3 

Long  Nire  DF 
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The  Materials  Labyetory  Electronic  Failure  Analysis  Group  supports  ^VrSTHkir  Porc^  elec¬ 
tronic  system  in  the  areas  of  materials  and  manufacturing  processes.  It  has  been  established 
that  a  large  majority  of  electronic  failures  are  caused  by  materials  and  manufacturing  process 
defects.  We  hm  found  that  corrosion  of  electronic  components  is  the  cause  of  failure  in  about 
20X  of  the  item  submitted  to  us  for  investigation. 

Airframe  corrosion  prevention  requirements  are  veil  specified  by  MIL-STD-1568,  M1L-STD- 
1387,  T.O.  1-1-2,  and  KIL-STD-889.  ^t  would  be  beneficial  to  the  Air  Force  if  corrosion  pre¬ 
vention  in  electronic  system  were  *eleey  veil  documented.  Existing  documents,  ouch  as  T.O. 
1-1-689  and  NAVAIR  16-1-540,  are  a  step  in  the  right  direction.  However,  compulsory  MIL  speci¬ 
fications  should  be  applied  to  Air  Force  electronic  corrosion  prevention.  This  is  essential 
because  corrosion  in  Air  Force  electronic  system  contributes  significantly  to  system  failure. 

Failure  analysis  Invest lgatlons,iw4ttr  which  vs  have  been  coaeamed  inclt*^  aircraft  circuit 
breakers,  an  antenna,  printed  virlng  boards,  a  fuse,  a  linear  steering  position  transducer,  a 
stepper  motor,  an  accelerometer,  a  disk  recorder  head,  and  electrical  connectors fwttt-irts  pre¬ 
sented.  The  cause  of  failure^  identified  and  possible  means  of  preventing  similar 

failures# viU  presented .  j 

A* 

I.  INTRODUCTION 

The  Electronic  Failure  Analysis  Group  of  the  Air  Force  Wright  Aeronautical  Laboratories' 
Materials  Laboratory  has  investigated  a  large  number  of  electronic  and  electrical  failures.  It 
has  been  established  that  about  eighty-three  percent  of  these  failures  are  caused  by  materials 
and  manufacturing  process  defects.  Also,  It  has  been  verified  that  about  twenty  percent  of  the 
failures  are  caused  by  corrosion  problem. 

II.  ANALYSIS  TECHNIQUES 

Moisture  and  contamination  penetration  into  electronic  system  has  many  detrimental 
ef facte,  corroelon  being  one  of  these.  In  most  electronic  system  the  geometries  have  been 
minimized  for  faster  signal  processing  and  higher  density.  This  means  that  most  metallizations 
are  thin,  or  small  in  cross-sectional  area,  and  that  the  Individual  metallizations  are  close 
together.  In  systems  such  as  this,  trace  amounts  of  moisture  and  contamination  my  cause  system 
failure.  If  the  aluminum  metallized  surface  of  an  Integrated  circuit  is  contaminated  and  If 
moisture  Is  present,  a  slight  amount  of  corrosion  my  result  In  an  open  integrated  circuit 
conductor.  This  extram  sensitivity  requires  special  caution  when  dealing  with  corrosion  In 
electronic  system.  Failure  nodes  In  electronic  components  and  system  my  be  identified  and 
related  to  field  failures  with  environmental  testing  techniques.  Figure  1  shove  a  typical 
twenty-four  hour  temperature  and  humidity  cycle. 

III.  EXAMPLES  OF  ELECTRONIC  AND  ELECTRICAL  CORROSION 

The  following  are  a  few  representative  examples  of  corrosion  Induced  failures. 

A.  Circuit  Breakers 

Numerous  aircraft  circuit  breakers.  Figure  2,  have  been  identified  as  failed  because 
their  contact  raslatance  when  closed  was  considered  too  high.  A  number  of  circuit  breakers  from 
several  different  mnufactnrera  were  tested  in  the  laboratory  to  determine  the  cauee  of  the  high 
resistance.  The  circuit  break  contacts  vers  Identified  as  either  tungsten /silver  or  cadmium/ - 
silver  mixtures.  Nine  circuit  breakers  were  exposed  to  a  ten  day  humidity  test  (40*C  and  95X 
KH) .  A  destructive  physical  analysis  of  the  parts  found  a  small  amount  of  corrosion  on  the 
tungsten/ellver  contacts.  Because  of  this,  a  twenty  day  humidity  test  (49*C  and  95X  RB)  was 
conducted  on  two  contacts  which  had  been  cross-sectioned.  After  the  twenty  day  test,  the 
tungsten  silver  contacts  were  severely  corroded  while  the  cadmlun/sllver  contacts  exhibited  very 
little  corrosion.  Figures  3  and  4, 

A  forty-eight  hour  salt  fog  test  (35*C,  SX  NaCl,  pH  6.5  to  7.2,  1  to  2  cc/hr/80  cm* 
condensation  rate)  was  conducted  on  seven  of  the  circuit  breakers.  TWo  of  the  circuit  breakers 
failed.  This  was  caused  by  salt  condensation  on  the  contacts.  Figure  5. 

The  results  of  our  analysis  indicate  that  the  tungsten/ellver  contacts  corrode  much 
worse  them  the  cadmium/silver  contacts.  Braze  fluxes  used  to  joint  the  contacts  to  the  copper 
arm  any  contribute  to  corrosion. .  The  contacts  in  all  circuit  breakers  are  Improved  by  the 
mechanical  wiping  action  of  opening  and  closing  the  contacts  several  time.  This  should  be  done 
at  periodic  Intervals.  If  the  conduction  of  large  currents  is  not  required  the  cadmium/silver 
contacts  show  superior  resistance  to  corrosion. 
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B.  Antenna  Marker  Beacon 

A  corroded  antenna  marker  beacon*  Figure  6,  was  removed  from  an  aircraft  so  that  the 
source  of  corrosion  could  be  determined.  The  beacon  vas  x-rayed.  Figure  7,  and  corrosion  sites 
were  visible  In  the  radiograph.  The  antenna  was  opened  and  found  to  contain  a  polyamide  foam. 
Figure  8.  The  antenna  blade  was  removed  from  the  foam.  Figure  9,  and  found  to  be  corroded  too. 
Both  the  housing  and  blade  were  found  to  be  aluminum.  The  housing  was  found  to  be  plated  with 
electroless  nickel.  Figure  10,  and  the  blade  was  plated  with  a  copper  strike  followed  with  a  tin 
plate.  Figure  11.  It  Is  believed  that  both  the  nickel  plate  and  the  copper/tln  plate  were 
porous.  This  permitted  the  penetration  of  moisture  to  the  plating  and  aluminum  interface.  The 
presence  of  molature  and  the  anodic  relationship  of  aluminum  to  nickel,  or  tin,  resulted  In  a 
galvanic  cell  which  caused  pitting  corrosion  In  the  aluminum.  Figures  12  and  13.  These  plating 
systems  were  used  to  maintain  a  high  electrical  surface  conductance  on  the  aluminum  components. 
The  corrosion  has  resulted  In  non-conduct Ive  surfaces  which  affect  the  electrical  performance  of 
the  antenna.  It  was  recommended  that  Instead  of  plating  the  aluminum  a  chromate  conversion 
coating  be  used. 

C.  Printed  Wiring  Boards 

1.  Flux  Contamination 

a.  Dual  In-line  Packages 

A  printed  wiring  board  was  removed  from  an  aircraft  because  of  short  circuits 
on  the  board,  Figure  14.  Blue-green  corrosion  products  appeared  around  and  under  Dual  In-line 
Packages  (DIPs)  on  the  board,  Figure  15.  A  scanning  electron  microscope  vas  used  to  analyse  the 
corrosion  products  with  characteristic  x-ray  analysis.  Copper  chloride  was  detected  In  the 
corrosion  residue.  Chlorides  are  a  common  contamination  resulting  from  active  solder  fluxes  and 
poor  cleaning  processes.  It  was  recommended  that  a  rosin  type  solder  flux  be  used  and  that  a 
board  cleanliness  test  be  performed  after  cleaning. 

b.  Conductor  Traces 

A  ground  base  radar  system  vas  removed  from  nine  months  of  storage  to  be 
tested.  All  electrical  systems  failed  due  to  short  circuits  In  many  of  the  multilayer  printed 
wiring  boards.  Upon  examination  the  printed  wiring  boards  appeared  to  have  corroded  conductor 
traces.  Contamination  and  corrosion  products  had  migrated  to  regions  between  conductor  traces 
so  that  they  were  shorted  out.  See  Figures  16  and  17.  With  characteristic  x-ray  analysis  It 
vas  established  that  the  contamination  resulted  from  solder  flux.  A  different  cleaning  pro¬ 
cedure  was  recommended. 

2.  Flux  on  Board  Components 

Components  from  a  printed  wiring  board  have  also  been  found  to  be  contaminated 
with  solder  fluxes.  Figure  18  shows  a  diode  taken  from  a  board.  Figure  19,  shows  the  corroded 
leads  on  this  diode.  Inadequate  removal  of  flux  residues  causes  many  corrosion  problems. 

3.  Water  Soluble  Flux 

The  use  of  a  highly  reactive  solder  flux  may  sometimes  have  unexpected  con¬ 
sequences.  Of  course,  the  reactive  flux  makes  the  soldering  procedure  easier.  Components  or 
boards  which  have  poor  solderablllty  may  sometimes  be  used,  or,  some  other  device  defects  may  be 
overcome  but  usually  the  reactive  flux  contaminates  some  parts  of  the  electronic  system  so  that 
It  eventually  causes  more  problems  than  It  fixed. 

A  reactive  water  soluble  flux  was  used  on  a  number  of  printed  wiring  boards 
because  some  of  the  component  leads  exhibited  poor  solderablllty.  The  flux  had  a  high  chlorine 
content.  During  the  soldering  operation  some  of  these  chlorides  were  absorbed  In  the  epoxy /- 
flber  glass  board  surface.  After  soldering,  the  boards  are  cleaned  and  conformally  coated. 
This  traps  the  flux  near  the  surface  of  the  board.  The  board  cross-section  Is  shown  in  Figure 
20.  The  x-ray  map  for  this  area  Is  shown  in  Figure  21.  This  chlorine  My  eventually  affect  the 
copper  conductors  In  the  board  because  the  conformal  coating  will  absorb  moisture  which  could 
result  in  hydrochloric  acid.  Without  the  reactive  water  soluble  flux  this  chloride  surface 
contamination  does  not  occur.  If  the  components  to  be  soldered  arc  handled  properly  the 
soldering  operation  may  be  accomplished  with  less  reactive  fluxes.  This  Is  the  best  procedure. 

D.  Vacuum  Tubes 

Triode  amplifier  tubes  were  falling  due  to  severe  corrosion  exterior  and  Interior  to 
the  tubes.  Figure  22.  It  wee  determined  that  the  contaminant  was  a  chloride  and  Its  source  was 
most  likely  a  highly  corrosive  chloride  flux.  Figure  23  shows  localised  corrosion  on  the 
outside  of  the  tube  and  Figures  24  and  25  show  the  corrosion  on  thr  Inside  of  the  tube.  Figure 
26  shows  a  tube  cross-section  with  the  entrapped  green  corrodent  clearly  visible.  It  vas 
recommended  that  all  fluxes  be  thoroughly  cleaned  from  the  tube  before  sealing. 

E.  Fuse 

After  storage  for  several  years  some  fuses  were  tssted.  The  fuse  failure  rate  was 
exceedingly  high.  The  cause  of  this  high  failure  rate  required  Identification.  Figure  27  shows 
the  electronics  when  removed  from  the  package.  Mote  the  white  vibration  dampening  foes  between 
the  circular  printed  wiring  boards.  Open  analysis  the  foam  was  Identified  as  polyvinyl 


chloride.  Ths  circular  boards  vara  examined  and  It  was  found  that  they  wars  hwlly  con¬ 
taminated  trleh  chlorides.  On*  of  the  boards  vaa  placed  In  a  humidity  csbinat  for  twenty-four 
hours  vitta  th*  raaulta  ahovn  In  Figures  28  and  29.  Several  failed  plastic  encapsulated  tran- 
alstors  vara  opened.  Figures  30  and  31.  The  arrow  In  Figure  30  marks  the  region  In  which  the 
alualnun  net ell last Ion  was  completely  eel ted.  The  transistor  surface  was  heavily  contaminated 
with  chlorides.  It  vaa  found  that  these  chloride  contaminates  were  originating  from  the  vibra¬ 
tion  dampening  foam.  The  chloride  penetrated  the  transistor  by  vlcklng  up  the  metal  lends 
extending  through  the  plastic  package.  The  polyvinyl  chloride  foam  was  replaced  with  a  poly¬ 
acrylic  elastomer  foam.  The  new  foam  material  does  not  emit  chloride  contamination. 

F.  Steering  Potentiometer 

A  linear  feedback  potentiometer  is  often  used  in  the  steering  system  for  an  aircraft 
nose  wheel.  A  potentiometer  of  this  type  Is  shown  In  Figure  32.  Several  failures  of  this 
device  have  bean  observed.  The  cause  of  these  failures  was  Investigated.  It  was  found  that  the 
ends  of  the  potentiometer  were  exposed  to  the  environment.  Sufficient  moisture  end  contami¬ 
nation  were  collected  on  the  potentiometer  in  this  area  to  cause  corrosion.  Figures  33  and  34 
show  corrosion  products  collecting  on  th*  glass  header  Insulation  around  the  Incoming  electrical 
wires.  These  corrosion  products  were  shorting  out  the  electrical  leads  on  the  potentiometer. 
The  problem  was  corrected  by  providing  this  area  of  the  potentiometer  with  sufficient  protection 
to  prevent  th*  entrance  of  the  moisture  and  the  contamination. 

G.  Stepper  Motor 

Stepper  motors  are  often  submerged  Inside  a  fuel  tank  for  cooling  purposes.  Of 
course,  this  means  that  the  motor  components*  Figure  35*  are  then  exposed  to  the  fuel  environ¬ 
ment.  In  all  cases,  thers  Is  some  small  amount  of  water  In  the  fuel.  With  sufficient  time  we 
have  found  that  this  water  will  hydrolyse  polylmlde  wire  Insulation.  These  stepper  motors  had 
polyimld*  insulation  on  the  field  colls.  After  sufficient  exposure  to  the  water  In  the  fuel 
some  of  the  colls  appeared  as  in  Figure  36.  This  defect  exposes  the  copper  to  the  fuel.  If 
some  contamination  In  the  fuel  la  available  the  copper  Ions  will  migrate  Into  the  fuel.  This 
produces  open  circuits  In  the  field  colls  as  shown  In  Figure  37.  This  type  failure  may  be 
avoided  by  hermetically  sealing  the  field  colls  from  the  fuel,  or  by  using  a  polysulfide  In¬ 
sulation. 


H.  Accelerometer 

An  aircraft  accelerometer  was  environmentally  sealed  Instead  of  hermetically  sealed. 
After  extended  use  the  accelerometer  failed.  Several  accelerometers  were  tested  In  the  Combined 
Environmental  Reliability  Test  (CERT)  chamber  to  establish  the  failure  mode.  The  stresses  used 
In  th*  CERT  chamber  were  selected  to  approximate  the  actual  aircraft  environment.  The  stresses 
included  temperature  cycling,  humidity  cycling,  and  altitude  cycling.  Figure  38.  The  accelero¬ 
meter  was  electrically  operational  during  a  certain  part  of  tha  cycle.  After  the  accelerometer 
went  through  one  hundred  fifty  cycles.  It  failed.  The  package  was  opened.  Figures  39  end  40, 
and  it  was  easily  seen  that  corrosion  residues  were  shorting  out  various  parts  of  the  circuits. 
This  failure  may  be  eliminated  by  hermetically  sealing  the  accelerometer  package. 

I .  Record  Head 

Disk  recorder  heads.  Figure  41,  were  falling  at  a  very  high  rate.  This  was  happening 
in  an  area  whera  tha  rscorder  operator  was  smoking  cigarettes.  Some  of  the  particulate  matter 
in  the  siKike  was  being  trapped  between  the  disk  and  tha  haad.  This  contamination  with  the 
moisture  available  from  the  air  was  causing  pitting  corrosion  In  the  head.  Figure  42*  It  was 
recommended  chat  the  operator  not  smoke  in  the  recording  area  and  that  the  heads  not  be  cleaned 
with  a  halogens ted  classing  solvent.  Use  an  alcohol. 

J .  Connactor 

1 .  Radar  Modulator 

Tha  causa  of  failure  of  a  radar  modulator  was  Identified  ea  a  corroded  connector. 
Figure  43.  Two  connectors,  one  corroded  and  the  other  not,  ware  Joined  by  a  wire  Insulated  with 
e  silicone  rubber  which  had  a  chloride  content  less  than  0.16X.  Tha  surfaces  of  both  connectors 
ware  silver  plated.  Tha  connectors  wars  crosa-sectioned.  Figures  44  and  45,  and  tha  base 
material  was  identified  as  laadad  brass.  As  shown  in  Figure  44,  the  silver  pletlog  on  the 
uncorroded  connector  wee  6.7/im  thick.  The  silver  plate  on  the  corroded  connector.  Figure  45, 
vaa  5/im  thick.  Both  plating  thicknesses  are  too  thin  for  adequate  protection.  Tha  plating 
process  should  meat  Federal  Specification  QQ-S-365C  "General  Requirements  for  Electrodepoelted 
Silver  Plating".  This  specification  requires  a  nickel  strike  and  a  silver  plating  thickness  of 
13/1  n.  The  corrosion  vaa  associated  with  a  thin  silver  plating  and  It  la  believed  e  silver 
plating  of  specif led  thickness  will  eliminate  tha  corrosion  problem, 

2.  Low  Voltage  Connector 

The  corrosion  of  electrical  connectors  causes  e  large  number  of  electrical 
failures.  Figure  46  shows  the  corrosion  on  some  aircraft  connectors,  ness  problems  may  be 
minimised  when  the  connectors  are  Installed  in  a  horizontal  position;  when  e  loop  le  pieced  in 
the  wire  so  water  will  not  flow  down  the  wire  into  the  connector;  when  Inhibitors  ere  weed  on 
the  connector  pine  and  receptacle  interior  meting  ernes  (KIL-C-81309,  Type  III);  and  when 
inhibitors  are  weed  on  the  external  connector  surfaces  (AMLGUAKD  Mlt-C -85034) .  It  te 
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recnmminrted  that  an  aluminum  connactor  with  cadmium  plata  ba  uaad.  Tha  poaalblllty  of  corrosion 
can  ba  furthar  minimi i ad  by  using  a  chromata  convaralon  coating  ovar  tha  cadmium  plata. 

K.  Datactor 

A  microwave  datactor  fallad  dua  to  corroalon,  Flgura  47.  Tha  farrlta  cora  aurfaca  and 
cavity  ara  shown  In  Flguraa  48  and  49.  Tha  datactor  caaa  vaa  conatructad  of  nlckal  plated 
aluminum.  Tha  cavity  lid  haa  baan  ramovad  and  la  ahovn  In  Figure  50.  Note  tha  corroalon  along 
tha  edge.  This  corroalon  la  attributed  to  delamlnatlon  of  tha  nlckal  coating  and  tha  exposure 
of  a  dies lml lar  metal  couple  to  high  levels  of  moisture.  Tha  nlckal  coating  delamlnatlon  la  tha 
result  of  a  poor  plating  process.  This  la  usually  caused  by  Inadequate  cleaning  of  the  aluminum 
surface  prior  to  plating.  Tha  pitting  corroalon  of  tha  aluminum  caaa  and  the  poor  lld-to-case 
seal  allowed  moisture  to  enter  tha  Internal  case  cavity,  which  resulted  In  tha  corrosion  shown 
in  Flguraa  48  and  49. 

An  alternate  plating  for  the  aluminum  should  ba  considered.  Ion  vapor  deposited  (IVD) 
aluminum  should  ba  uaad  Inataad  of  nlckal.  A  batter  lld-to-case  seal  should  be  obtained.  This 
can  ba  accomplished  with  appropriate  gasket  material. 

L.  Nickel /Boron  Plated  Panels 

For  many  applications  materials  ara  required  to  meet  conflicting  requirements.  An 
example  of  this  la  when  metal  panels  ara  required  to  have  corrosion  resistance  and  good  electro¬ 
magnetic  Interference  (EMI)  protection.  Such  panels  may  be  used  to  package  electronic  equip¬ 
ment. 


Twelve  nlckel/boron  coated  aluminum  plates.  Figure  51,  were  given  electrical  and 
environment  tests.  Samples  1,  2,  and  3  were  6062  aluminum  and  samples  4  and  5  were  2024 
aluminum.  The  nlckel/boron  coating  was  90S  nickel  with  10Z  boron  diffused  into  It.  A  piece  was 
cross-sectioned  and  It  was  found  that  the  coating  was  made  In  two  layers.  Figure  52,  each  layer 
0.625  mil  thick.  The  faying  surfaces  were  prepared  for  test  by  overlapping  the  pieces  and 
drilling  holes  through  the  panels.  The  two  plates  were  bolted  together  with  nylon  screws. 
Figure  53.  A  torque  wrench  was  used  to  apply  one  Inch  pound  of  torque  to  each  bolt. 

The  EJfl  protection  requirement  is  thet  all  faying  surfaces  maintain  a  resistance  that 
does  not  exceed  2.5  mllllohms  after  environmental  exposure.  A  four  point  probe  test  fixture. 
Figure  54,  was  designed  to  measure  the  faying  surface  conductivity.  The  outer  probes  carried 
one  ampere  current  and  the  inner  probes  were  used  to  measure  the  voltage  drop.  For  all  measure¬ 
ments  the  current  wee  reversed  end  the  resistance  values  were  averaged. 

After  the  specimens  were  prepared  as  shown  in  Figure  53,  five  of  them  were  submitted 
to  humidity  testing  and  one  was  kept  as  a  reference.  The  humidity  chamber  was  set  at  95Z 
relative  humidity  at  i20*F  for  ten  days.  The  specimens  were  removed  after  the  first  twenty-four 
hours  and  then  every  forty-eight  hours  for  a  visual  inspection  and,  after  re-torqulng,  a  surface 
resistance  measurement.  The  surface  resistance  measurements  for  the  specimens  are  shown  In 
Table  I.  The  condition  of  sample  1  after  the  ten  day  humidity  exposure  is  shown  in  Figure  55. 
This  sample  is  typlca?. 

The  five  samples  were  disassembled  and  cleaned  with  distilled  water  in  preparation  for 
a  salt  fog  test.  The  chamber  was  set-up  in  accordance  with  ASTM  Standard  B-117.  A  five 
percent  salt  solution  of  95*F  and  condensation  rate  of  1-2  mlls/hr/80  cm  Inside  the  chamber  were 
used  to  create  the  salt  fog  atmosphere.  The  specimen  plates  were  bolted  together  again,  as 
during  the  humidity  test,  end  exposed  to  the  salt  fog  for  336  hours,  or  14  days.  The  samples 
were  removed  periodically  for  visual  Inspection  and  electrical  testing.  The  samples  were  washed 
with  distilled  water,  dried  for  two  hours,  and  re-torqued  before  being  electrically  tested. 
After  testing,  the  samples  were  then  returned  to  the  chamber  until  336  hours  of  testing  were 
completed.  The  results  of  the  electrical  testing  ere  shown  In  Table  II.  All  five  samples 
exhibited  signs  of  corrosion  after  144  hours.  The  number  4  and  5  samples  exhibited  severe 
corrosion.  Figure  56.  The  surface  resistances  of  these  samples  were  higher  than  the  other 
samples,  but  still  below  the  maximum  of  2.5  mllllohms.  After  336  hours  In  the  salt  fog,  samples 
4  and  5  again  exhibited  severe  corrosion.  Figure  57.  Only  the  surface  resistance  of  sample  4 
was  above  2.5  mllllohms.  After  electrical  testing,  the  samples  were  disassembled.  The  over¬ 
lapping  surfaces  of  all  samples  exhibited  corrosion.  Figure  58.  Pictures  of  the  samples  with 
the  least  and  most  corrosion  are  shown  In  Figures  59  and  60. 

The  nlckel/boron  coated  aluminum  plates  passed  the  humidity  testing  but  they  did  not 
do  as  well  In  the  salt  fog  testing.  The  corrosion  was  most  severe  when  a  break  occurred  In  the 
nlckel/boron  coating  and  allowed  the  salt  solution  to  penetrate  Into  the  coatlng/alumlnum 
Interface.  The  anodic  relationship  of  aluminum  to  nickel  resulted  In  pitting  corrosion  of  the 
aluminum  and  the  formation  of  aluminum  oxide.  The  aluminum  oxide  Is  an  excellent  Insulator  aod 
will  significantly  Increase  the  surface  resistance  of  the  panel.  The  plating  should  be  free  of 
surface  Imperfections  and  protected  from  scratches  which  could  break  the  coating  and  result  In 
corrosion. 

IV.  CONCLUSIONS 

The  examples  of  corrosion  In  electronic  equipment  listed  above  were  obtained  from  actual 
case  histories,  in  an  Electronic  Failure  Analysis  Laboratory.  Of  all  the  projects  submitted  to 
this  laboratory,  83Z  of  the  failures  are  caused  by  materials  and  manufacturing  process  defects. 
It  was  established  that  corrosion  was  the  cause  of  about  20Z  of  the  failures. 
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The  recommended  fixes  always  Intarrupt  tha  electrochemical  circuit  required  for  corrosion; 
anode,  cathods  and  alactrolyts  (so  that  slactrlcal  conduction  may  take  placs  between  tha  anode 
and  cathoda).  Tha  fixes  either  remove  tha  electrolyte,  or  Insulate  tha  anode,  or  remove  tha 
cathode.  Once  these  fixes  are  accomplished,  there  is  usually  a  very  large  cost  savings  for  the 
customer  and  s  significant  improvement  In  the  electronic  equipment  reliability. 


TABLE  I.  Faying  Surface  Resistance  of  Plates  Exposed 
to  High  Humidity 


Average  Surface  Resistance  (microhms)  £  1  ampere 


Sample 

After 

After 

After 

After 

Flnsl 

Number 

Initial 

24  hrs 

48  hrs 

96  hrs 

192  hrs 

240  hrs 

1 

140 

245 

256 

201 

226 

183 

2 

130 

282 

263 

220 

208 

214 

3 

134 

207 

230 

219 

230 

243 

4 

146 

322 

205 

202 

198 

202 

5 

144 

374 

333 

346 

356 

326 

TABLE  II.  Faying  Surface  Resistance  of  Plates  Exposed  to  Salt  Fog 


Average  Surface  Resistance  (microhms) 

8  1  ampere 

Sample 

After 

After 

After 

After 

Final 

Number 

Initial 

24  hrs 

48  hrs 

96  hrs 

192  hrs 

240  hrs 

1 

198 

155 

143 

203 

274 

277 

2 

212 

136 

134 

211 

255 

260 

3 

273 

162 

152 

158 

155 

161 

4 

220 

176 

200 

799 

15369* 

20727 

5 

198 

285 

298 

332 

400 

632 

*  seeded  2.5  mllllohma 


TEMPERATURE  (DEGREES  CELSIUS) 


2-6 


-  10 

-  20 

-30 

-40 


INITIAL  CON  - 
DITIONING  IN 
A  DRV  OVEN 
•  24  HOURS 


BO  90%  60  -  98% 

.90  -  96%RH«^^.RH^^.90-  tt‘^nu  »  <  PtJ  t  1 


-ft- 


HUMIDITY 

.UNCONTROLLED 


n. 


RATE  OF  CHANGE  OF  TEMPERATURE  IS  UNSPECIFlEO,  HOWEVER 
SPECIMENS  SHALL  NOT  BE  SUBJECTED  TO  RADIANT  HEAT 
FROM  CHAMBER  -  CONDITIONING  PROCESSES 


u 

din- 


V 


io*c 

2*C 


ENO  OF  FINAL  CYCLE 
MEASURMENTS  AS  SPECIFIED 


INITIAL  MEASURMENTS 
AS  SPECIFIED 


CIRCULATION  OF  CONDITIONING  AIR  SHALL  BE  AT  A 
MINIMUM  CUBIC  RATE  PER  MINUTE  EQUIVALENT  TQ 
5  TIMES  THE  VOLUME  OF  THE  CHAMBER 


-VOLTAGE  APPLIED  AS  SPECIFIED - 


UNLESS  OTHERWISE  SPECIFIED.  TEMPERATURE 
TOLERANCE  IS  ♦  2*C  AT  ALL  POINTS  WITHIN 
"THE  CHAMBER  EXCEPT  THE  IMMEDIATE  VICINITY 
OF  THE  SPECIMENS  AND  THE  CHAMBER  SURFACES 


STEPS  7«  AND  7b  PERFORMED 
DURING  ANY  5  OF  THE  FIRST  9 
CYCLES  HUMIDITY  UNCONTROLLED 
DURING  STEPS  7«  AND  7b  ONLY 


-STEP* 

7« 


PRIOR  TO  FIRST  CYCLE  STEP  1  STEP  2  STEP  3  STEP  4  _  STEP  5  STEP  6 
UNLESS  OTHERWISE  •  •  •  •  •  •  •  •  •  •  ♦  •  • 

#  ■  SPECIFIED  ■  »  +>  i  ONE  CYCLE  24  HOURS  REPEAT  AS  REQUIRED- 


■  I  I  I  I  »  I  I _ I _ I _ I _ I1I1< 


4  6  0  10 

TIME  (HOURS)  — 


Figure  1.  Craphlcal  representation  of  thermal  and  humidity  cycling. 
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Figure  2.  Exploded  view  of  aircraft  circuit  breaker. 


Figure  3.  Cross-sectional  view  of  tungsten/sllver  contact  after  twenty  day  hualdlty  test. 


Figure  4.  Croaa-aectlonal  view  of  cadnlua/allver  contact  after  twenty  day  hualdlty  tes*  . 


Figure  5.  Failed  contact  after  forty-eight  hour  salt  fog  test. 


Figure  6.  Palled  antenna  marker  beacon  caused  by  corrosion. 


Figure  7.  X-ray  radiograph  shove  areas  of  corrosion. 


Flgura  10.  X-ray  aap  of  croaa-sactional  araa  of  nlckal  plat*  on  alualnua  housing  of  baacon 
Saa  Flgura  12. 


Figure  11.  X-ray  Mp  of  cross-sectional  eras  of  copper /tin  plate  on  alualmia  blade  of  beacon. 
See  Figure  13. 


Figure  12.  Cross-sectional  SEM  alcrograph  of  nickel  plating  on  aluainua  housing  of  beacon. 
Mote  areas  of  lifted  nickel  plating. 


Figure  13.  Cross- sectional  MEM  alcrograph  of  copper /tin  plats  on  elualnoa  blade  of  beacon. 
Mote  areas  of  lifted  plating. 


Figure  14.  Component  side  of  failed  PVB.  Mot*  flux  contamination  on  board. 


Figure  15.  One  of  the  DIFs  shown  in  Figure  14  at  higher  magnification.  Leads  are  shorted  out 
by  flux  contamination. 


Figure  16.  Component  aide  of  failed  PVB. 


Flgur«  17.  Backside  of  board  shown  In  Figure  16.  Rots  corrosion  on  conductors  and  white  areas 
of  sealing  on  board. 


Figure  18.  Diode  resowed  froe  felled  PVB. 


Figure  19.  lead  on  diode  shown  in  Figure  18.  Rote  corrosion  on  lend. 


Figure  20.  SEM  micrograph  of  cross-sectional  area  of  PVB.  Constitute  parts  from  the  left  are: 
void,  conformal  coating,  solder,  copper,  and  epoxy /fiberglass  board  matrix.  See  Figure  21. 


Figure  21.  X-ray  map  of  area  shown  in  Figure  20.  Cray  area  Is  copper.  Blue  region  on  copper 
Is  solder.  Green  lower  central  region  Is  chlorine  in  ratface  of  epoxy /fiberglass  board  matrix. 
See  Figure  20. 


Figure  22.  Failed  trlode  amplifier  tubes  with  corrosion  interior  end  exterior  to  the  tubes. 


Tigers  23.  Exterior  corrosion  on  the  trlode. 


Figure  2k.  Interior  corrosion  In  tbs  trlode.  Glees  envelope  has  not  been 


rifun  26.  Croaa-aacttoa  af  trleda  >km  wtrlyfj  content 


Flfin  27.  Ilactroaie  6mn  wit 6  whit*  fltritita  Itinlm  foam  tMWM  Mm. 


Figara  1*.  CarToaloa  aa  6iat<  rawaltad  f roa  cMttUt  coauaiutim.  Saa  Tlgara  29. 
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ri|«r«  29.  ht«n<nt  of  oroo  i)mm  la  Figaro  28. 


Figure  30.  Failed  c  ratio  later  with  61(6  owrfaca  eklorlde  coat  aalaot  lea.  See  Finer  a  31 
aarfca  alta  of  open  al—la—  cwriactort. 


Arrow 


flfite  31.  Sttr  ilctogtifl  ealart— rnt  of  refloe  a>rM  Yj  arrow  la  Figaro  30. 


cm*  mm  mm 

Figure  38.  Spectrum  of  CERT  •tresses  Applied  to  accelerometer. 


Figure  39.  Felled  accelerometer  opened  for  Inspection.  Arrows  mark  regions  of  corrosion. 


Figure  40.  Enlargement  of  area  shown  in  Figure  39. 
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Figure  41.  Dick  recorder  heed.  Arrow  Berks  aetelllc  heed. 


Figure  42.  Enlergeaent  of  heed  Barked  by  arrow  In  Figure  41. 


Figure  43.  Corroded  connector  on  redar  nodule tor. 


m z 
► 
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Figure  44.  Cross-sectional  area  of  good  connector. 


Figure  46.  Corroded  electrical  connector  on  avionic  equipment. 


Figure  47.  Corroded  microwave  detector. 


Figure  48.  Ferrite  core  in  detector. 


Figure  49.  Detector  cavity. 


Figure  50.  Corrosion  on  the  nickel  plated  aluminum  lid. 


Figure  51.  Twelve  nickel /boron  plated  aluminum  panels  to  be  tested. 


Figure  52.  Cross-sectional  view  of  nlckel/boron  plating  on  the  aluminum  panel. 


Figure  S3.  Two  panels  bolted  together  with  nylon  bolts. 


II 
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Figure  54.  Teat  fixture  used  to  measure  electrical  resistance  between  two  nanels, 


Figure  55.  Sample  1  after  humidity  testing. 
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—  US  NAVAL  AIRFORCE 

AVIONIC  AND  ELECTRICAL  SYSTEM  CORROSION  PREVENTION  AND  CONTROL  MAINTENANCE 


G.T.  Browne 

Material  Advisor,  COMNAVAIRLANT 
Norfolk,  VA  2351 1-5188,  USA 


1.  A  study  of  premature  failures  of  installed  avionics,  electrical  equipment,  and  systems  experienced  in  US  Fleet  operational 
aircraft  in  the  1960a  and  early  1970a  was  reported  in  reference  (1).  These  failures  were  caused  by  corrosion,  waler  intrusion, 
and  other  contaminating  agents.  In  order  to  reverse  this  trend  the  Commanders  Naval  Air  Forces  US  Atlantic  and  Pacific 
Fleets  (COMNAVAIRLANT)  (COMNAVADtPAC)  requested  that  Commander  Naval  Air  System  Command 
(COMNAVARSYSCOM)  develop  a  corrosion  prevention  and  control  program  for  avionics,  electrical  and  installed  systems 
used  in  naval  aircraft  COMNAVAOtSYSCOM  tasked  the  Naval  Air  Development  Center  (NAVAJRDEVCEN)  to  develop 
the  program  together  with  a  technical  manual.  A  conference  with  aH  interested  parties  was  held  in  1 976  and  action  initiated  to 
develop  the  program  and  technical  manual  for  use  by  the  fleet  technicians. 


2.  A  review  was  conducted  to  assess  the  overafl  problem. 

a.  How  to  dean  avionics,  remove  corrosion,  restore  protective  finishes;  what  corrosion  preventives  could  be  used  on 
avionics  without  degrading  performance  of  the  equipment;  who  to  reclaim  equipment  that  had  been  exposed  to  corrosive  agent 
Each  issue  requited  answers. 

b.  The  agents  causing  corrosion  were  identified,  ie.,  salt  water,  sea  environment  with  100%  humidity,  maintenance 
chemicals,  stack  gases,  high  temperature,  cyclic  temperatures,  moisture,  galvanic  action  in  the  operating  environment  between 
dissimilar  materials,  microbial,  insect  bacteria,  fungi  producing  environment,  etc. 


What  kinds  of  corrosion  can  we  expect  to  see? 

(1)  Uniform  surface  attack  (eg.  Fig.  1) 

(2)  Galvanic  (eg.  Fig.2) 

(3)  Pitting  (eg.  FigJ) 

(4)  Crevice  (concentrated  ceO) 

(5)  Intergrannular 

(6)  Stress 

(7)  Exfoliation 

(8)  Erosion 

(9)  What  does  it  look  fike?  (See  Table  1) 
d.  Non-metalbc  deterioration 

(1)  Mechanical  failure 

(2)  Cracking 

(3)  Swelling 

3.  The  results  of  corrosion  or  contamination  can  anise  failure  of  the  equipment  or  undesirable  alteration  of  its  electrical 
characteristics.  The  list  of  d  types  of  material  used  m  avionics  would  be  extensive;  most  have  an  ability  to  function  well 
individually  and  wootd  last  the  life  of  the  component.  However,  the  synergistic  effect  when  dissimilar  materials  are  exposed  to  a 
corrosive  environment  is  often  corrosion. 

a.  Special  Consideration.  The  control  of  corrosion  in  aviorec  systems  is  not  unlike  that  in  airframes,  with  procedures  useful 
for  airframes  being  applicable  to  avhxfics,  with  appropriate  modifications.  The  general  differences  in  construction  and 
procedures  between  airframe  and  avionics  relative  to  corrosion  control  are  as  follows: 

(1)  Less  durable  protection  system 

(2)  Very  small  amounts  of  avionics  corrosion  cat  make  eqtripmenl  inoperative,  as  compared  to  airframes 

(3)  Dissimilar  metals  are  often  in  electrical  contact 

(4)  Stray  currents  can  cause  corrosion. 

(3)  Active  metals  and  dissimilar  mends  in  contact  are  often  unprotected. 

(6)  Closed  boxes  can  produce  condensation  during  normal  temperature  changes  during  flight 

(7)  Avionic  systems  have  many  areas  to  trap  moisture. 
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(8)  tidda  cosTosicn  i»  difficufc  to  delect  in  ny  winaif  syxlems. 

(9)  Many  materials  wed  ia  avioaic  syttcam  are  subject  lo  attack  by  bacteria  a»d  fungi 

(10)  Organic  material#  are  often  uaed  which,  when  overhemad  or  inqitopctfy  or  incniaptetdy  cured,  can  produce  vapors 
which  arc  corrosive  >o  riertroasc  compoacwtt  aad  d— apt  lo  coatings  and  insulators 

b.  Invesbgadon  revealed  a  second  special  mmiHcrttina  was  aucrohial,  haagi,  insect*  and  animals  causing  corrosion  in 
avionics.  See  Table  2. 

(1)  MksaMai,  laaact  aad  Aahmri  Attach 

(a)  General.  Microbial  attack  (which  include*  Mold,  bacteria  aad  fungi)  creates  by-products  that  wig  cause  corrosion. 
Modem  avionic  equipment!,  because  of  tbeir  complexity,  dense  packaging,  aad  bigber  sesnstivity,  are  more  susceptible  to 
damage  Croat  aacrobtai  attack  iban  earlier  syeteam.  Mold,  bacteria  and  tuagi  arc  liviag  members  of  «Ke  plant  wostd  and,  in 
most  cases,  must  have  water  to  live.  IV  nrgmisnu  rantiag  the  greater  corrosion  problems  are  bacteria  and  fungi  In 
addttion  to  microbial  attack,  avionic  rqujpiurnl  is  lasctpUble  lo  insect  aad  »wmil  damage  wtucb  can  resiult  m  corrosion 

(b)  Bacteria.  Bacteria  any  be  either  aerobic  or  anaerobic.  Aerobic  bacteria  require  oxygen  to  live.  Oxygen  can 
accelerate  a  corrosion  atmosphere  by  next  Ting  ndtur  to  produce  auduric  add  or  by  oxsdmag  awamni  to  produce  mine 
acid.  Bacteria  living  adjacent  to  metals  will  proaaote  corrosion  by  deletiag  the  oxygen  supply  or  by  retenijag  metabolic 
products.  Anaerobic  bacteria,  oa  the  other  hand,  can  survive  only  when  free  oxygen  is  not  present.  The  metabolism  of 
these  bacteria  requires  them  to  obtain  part  of  their  sutlrnanrr  by  oaidiiing  inorganic  compounds  such  as  iron,  sulfur, 
hydrogen,  aad  mtragen.  The  resultant  chemical  reaction  causes  corrosion.  Because  of  the  acidic  nature  of  bacterial 
microorganisms.  metals  are  susceptible  to  microbial  attack.  Minor  surface  contamination  can  be  accelerated  into  a  major 
corrosion  problem  by  local  bacterial  corrosion  cells,  or  by  additional  adds  liberated  by  die  bacteria 

(c)  Fungus.  Fungus  it  a  microorganism  growth  that  feeds  on  organic  materials  and  generally  takes  the  form  of  molds, 
rusts,  mildews,  and  smuts.  Fungal  growth  requires  specific  environments  and  nutrients  for  survival.  Fungi  arc  commonly 
found  in  the  following  colors: 

Black 

Yellow 

Green 

Blue-Green 

(d)  Fungi-Producing  Environments.  While  low  humidity  does  not  kill  the  fungi  microbes,  it  slows  their  growth.  Ideal 
growth  conditions  for  most  fungi  microbes  are  temperatures  between  68*F  (20T)  and  I04T  (4fTC)  and  a  relative 
humidity  between  85  and  100  percent.  It  was  formerly  thought  that  fungal  attack  could  be  prevented  by  applying 
moisture-proof  coatings  to  nutrient  material  or  by  drying  the  interior  of  compartments  with  desiccants.  It  is  now  known 
that  some  microorganisms  remain  in  spore  form  for  long  periods,  even  under  extremely  dry  conditions.  Furthermore, 
electrical  insulating  varnishes  and  some  moisture-proofing  coatings  are  attacked  by  mold,  bacteria,  or  other  microbes, 
especially  if  the  surfaces  on  which  they  are  used  are  contaminated.  Dirt,  dust  and  other  airborne  contaminant*  are  the  least 
recognized  contributors  to  microbial  attack.  Even  small  amounts  of  airborne  debris  can  be  sufficient  to  promote  fungal 
growth. 

(e)  Fungi  Nutrients.  It  has  long  been  thought  that  materials  such  as  wool,  cotton,  rope,  feather,  and  feather  were  the  only 
materials  known  to  provide  sustenance  for  fungi  microbes.  The  increasing  complexity  of  synthetic  material  makes  it 
difficult  or  impossible  to  determine  from  the  name  done  whether  a  material  wHI  support  die  growth  id  fungus  Many 
otherwise  resistant  synthetics  are  rendered  susceptible  (or  fungi  attack  by  the  application  of  a  plasticizer  or  hardener.  The 
service  life,  size,  shape,  surface  smoothness,  and  cleanliness  of  the  equipment,  its  environment,  and  the  type  of  fungi 
microorganism  involved  all  determine  the  degree  of  fungal  attack 

(f)  Damage.  Damage  resulting  from  microbial  attack  can  occur  when  any  of  three  basic  mechanisms  or  a  combination  of 
mechanisms  is  brought  into  play  Fungi  are  damp  and  have  a  tendency  to  hold  moisture,  which  contributes  to  other  forms 
of  corrosion;  because  fungi  arc  living  organisms,  dicy  need  food  lo  survive.  The  food  is  obtained  from  the  material  on 
which  (he  fungi  axe  growing;  these  nucroorganrinn  secrete  corrosive  fluids  this  attack  many  material*,  including  some  that 
arc  not  feagi  nutrient  Optical  devices  cm  also  be  damaged  by  nucrootgamsms.  Lena  coalings  ate  extremely  susceptible  to 
fungal  attack  which  wffi  lake  any  of  three  forms:  A  spiderweb,  a  flat  starfish  shape  which  leaves  a  milky  stain,  or  minute 
circular  spots  that  etch  the  glass.  Under  proper  amiospfieric  conditions,  fungi  can  grow  on  almost  any  mrface.  (see  Fig.4). 

(g)  Corrosion  Caused  by  Insects  and  Animals.  Damage  to  avionics  equipment  can  be  caused  by  smaH  insects  and 
animals,  cspecmBy  in  tropical  environments,  Fquipmrm  *  «*°r»ge  is  most  susceptible  to  flax  type  of  attack,  since  insects 

and  small  ansmah  may  enter  through  rent  boles  or  fears  ai  packaging.  In  some  cases  xtsects  have  emered  anti  openings, 
pilot  lines  and  air  vents  in  aircraft  causing  blockage.  In  the  case  of  packaged  equipment,  they  may  build  nest*  which  tend  to 
absorb  moisture.  Thh  moisture,  phis  excretions  and  sifts  from  the  Bisects  and  animals,  can  came  corrosion  and 
deterioration  *at  goes  unnoticed  until  die  equipment  or  system  is  put  to  use  and  fads.  Another  type  erf  damage  can  occur 
when  electrical  insulation,  varnishes,  and  circuit  board  coatings  become  food  for  insects.  Once  bare  wires  or  circuit 
components  me  exposed,  more  areas  become  available  for  corrosion  and  shotting  to  occur.  See  TaWe  3. 

d.  Design,  Packaging  and  LacnBawaf  Arfeales  (a  Aheraft  Prime  contractor  aircraft  manufacturers  sBocate  space  inside 
aircraft  for  avionics  equipment,  and  procure  avionics  from  subcontractors.  The  subcontractor  designs  the  equipment  lo  meet 
allocated  space  and  performance  standards  provided  by  the  prime  contractor.  The  equipment  may  require  vented  coohng  os 
the  equipment  may  be  placed  in  the  aircraft  in  an  area  susceptible  to  water  leaks  flmnqft  airframes,  resulting  in  water  intnwion 
and  equipment  failure. 


J-J 


,  EM  aad  curran 

(a)  Lids  sheaid  be  teoe  few  type. 

(fe)  Fasteners  should  fee  located  ia  veracal  wafc  of  4k  few  vice  on  tee  lid. 

(c)  Cnnhag  wd  vaanag  should  be  dmjgnad  to  c 

(d)  Cables  coanecaagsywcm  Ip  knees  net  few  drip  loopt- 

(e)  Avicsats  amaafacWces  HI  pel  feedback  ariocmaaoa  oe  reliabthly  of  eqaipuKsa. 
(I)  Electrical  coanactort  — t  fee  paalecmd  fene  tec  i 


I  or  venting  duct  holes. 


4.  Lessens  ot  H 
devcioyMMM  of  i  very  mcccmM 
throughoal  the  US  Fleet 

3.  We  wii  aoer  go  dBoufh  •  i 


of  4k  «t  merer  he«e  beee  applied  aed  have  readied  tn  the 
aad  electric  ll  common  prevention  aed  control  program  feeing  conducted 


idardi 


nance  cydc  of  a  failed  component  A  faded  component  e  removed  froei  the 
I  of  auaaacnance.  the  Aircraft  ImurmeifiaH  fefamtenanoe  Dcpeftee.nl  (AMD),  to 
detennine  and  correct  Ac  problem  at  4k  tailed  rqiapnirat  The  equipment  is  opened  and  vieueMy  inspected  lor  oorroaion  or 
,  If  corraaian  ia  detected.  4k  equipment  ia  looearded  to  4k  dcaafcg  and  common  wait  center*  or  teaps.  The 
I  ia  diaaaaetafeled  fey  a  trained  technician.  The  corrxmou  n  removed  fey  miniature  grinding  tool*,  ample  eraser, 
t  grit  blaster  (Fig.5),  or  hand  pnliiher.  The  mddett  method  n  always  need  Genera!  rlcaning:  The  oompanent*  are 
r  to  emeu  waKr  or  cleaning  agem  docs  not  dmmgc  intend  crnapnarntr,  (see  Table  4.1  and  4.2).  The  component  it 
|  a  detergent  water  aria  of  erne  parti  water  to  one  pari  detergent.  Detergents  uaed  are  under  Mil 
L-D- 16791  (aoniomc)  or  MB.-C-436 1 6  aid  16-1  min,  with  a  PH  under  10.  The  dean  component!  are  then 
placed  m  a  drying  oven  and  dried  at  I  JOT  (34T*)  where  4k  ifryiag  time  is  dependent  on  the  complexity  of  the  equipment  or 
component  hripg  dried—  anrmady  3  to  4  feotin  are  reunited  A  hot  air  gaaaaayalao  be  uaed  for  qxn  drying.  Table  5  contain* 

.  a  feat  of  cleaning  chcmirali.  recommended  draniag  process.  and  cleaning  and  drying 


;  MH.-C-81302.  Care  nan*  be  taken  not  to  expoec  the  technician  to  t 
remove  oik  from  the  body  eapeaed  to  a  solvent  vapor  and  dhplacea  oxygen.  Tfem  material  should  i 
amounts  in  a  wc4  veastesed  arm.  Face  Amid,  rabbet  gloves  mat  cnvrraMi  dwuld  be  uaed  when  i 
conducted.  An  advantage  to  ahraaonic  deaning  ia  drying  feme  which  it  reduced  to  between  lSi 


dwadvaatage  to  ahraaonae  cteaamg  i»  dml  toatt  heqtcacin  in  dm  cleaning  unit  can  damage  *omc  circuit*  and  components 
Tfeetefote  eompiawat*  to  be  ahrmraaitly  cleaned  atari  fee  idantifcd  by  mginerring  authority. 


fe.  Hand  deanmgwMiMlL-C-81  J02  can  fee  accomphahed  by  aring  a  toft  bristle  bnnh. 


c.  When  the  equipment  has  been  cleaned  and  any  comnion  discovered  hm  been  removed  and  arrested  the  equipment  it 
returned  to  the  repair  and  check  technician.  The  equipment  is  repaired  and  tested  if  required  and  corroaioe  prevention 
compound  MIL-C-81309  type  3  dan  2  acroaot  is  applied  to  jnKriHi  areas  of  the  equipment  (see  Fig6  and  TSMe  5).  The 
matcrinl  is  spread  on  and  the  eaccas  is  wiped  off  leaving  a  Ifem  nonoondactive  Sat  of  water  displacing  corrosion  preventive 
compound.  H  contact  points  am  involved  points  anal  he  wiped  to  ensure  nonconductrve  19m  is  removed.  The  equipment  is 
then  dosed  aad  scaling  laalcnsli  are  ased  as  required  to  aware  water  or  oonoaive  fluids  of  any  form  can  ikm  enter  the  bo*. 
Three  b**ic  sealants  are  ased  mettaig  MIL -specific  MIL-S-8802.  MIL-S-8 1 733  or  room  temperature  vulcanuiqg  (RTV) 
MIL-A-db  146.  Normally  scaled  areas  are  feds  around  fasteners  and  oomiector  pom.  The  Ready  lor  Isaac  (Ml)  componmem 
is  then  packaged  and  returned  to  the  user  or  hdd  in  a  store  room  until  needed.  (See  Fig.  7  and  Table  6). 

d  The  first  mamtaamce  levd  (squadron)  receives  the  KF1  coaaptatent  and  begins  jnwrihng  the  component  in  the  aircraft 
The  technician  opens  4k  access  panel  and  impacts  Ac  area  in  wiadu  the  component  is  to  he  anttgrd  (asaaMy  in  a  shock 
mounted  rack)  to  ensure  the  area  and  shock  mounted  rack  arc  dean  and  free  from  common  or  cowtiminttri.  When  satisfied 
the  area  is  desn,  Ac  coalponent  is  instated.  Hr  technician  then  inspects  and  hand  deans  4k  electrical  connector.  The  female 
connector  n  treated  sang  MR.-C-R1 302  and  a  soft  brack  brush  after  cleaning.  MIL -C -81 309 Type  3  Class  1  avionic*  grade 
water  dfaptacing  common  preveahria  compound  is  applied  to  die  female  connector  md  the  eaccas  is  wiped  off  and  the 
connector  is  connrcVrl  m  the  component.  The  component  ts  dan  tested  using  aircraft  power  to  complete  the  installation 


6.  Electrical  coaasctoo.Eicctricalcoanu.  ton  Imae  hisaoricaiyheca  prone  to  common  problems,  as  djammedia  reference 
(I)  However,  since  the  avionics  corrosion  prevention  and  control  program  hm  been  hnphmcnted.  4k  pnotfems  ere 
disappearing  Periodic  mahntiKOcc  is  condacted  on  ill  ssreraft  comtedors  rangehl  from  dedy  to  180  days  or  longer  in  tome 
imMMons.  Maintenance  <4  connectors  cements  of  keeping  4te  comtedoes  dean  end  dry.  free  from  common  mternnRy  end 
exknutiy  Tfeet  in  ecetmpfabed  is  fotevrs: 

a.  Conmrtori  Directly  Exposed  to  4k  Environment  The  coantcloth  opened  and  impacted  if  comnion  is  detected  on  pins 
or  body  of  4k  connector,  it  is  rumored  by  the  rnddest  method  possible,  the  oomtector  is  4ten  impected  trite  a  10X  glass  to 
eanate  41  corrosion  product  hm  bean  removed;  tee  coimertoi  a  teen  ctaamf  astag  m  add  hrate  and  MH.  -C-S1302  The 
team  eed  cf  tee  comae  Vor  is  Jprayul  with  MfL-C-8 1 309  Type  3  Qaee  2  water  ihqitering  oorroaioa  ptcieniun  oewponad. 
the  excess  is  wiped  of  .  fr  is  reconnected  md  wiped  of  trite  a  dean  rag  wet  trite  MfL-C-81 302  to  remove  body  ate, 
flnpuprinti,  etc.  The  eatennd  area  of  tee  dosed  c  temretor  is  spread  trite  MIL-C-83034  AMLGARD  The  AMLGAWJ  it 


y* 

showed  lo  dry  30  a— sites  and  a second  coat  is  applied  la  tmtmt  mm  htc  connector  in  wrapped  with  ctodrial  isssiilating 
tape  pawned  with  RTV  3140.  (Sec  Fig.  7) 

b.  Teal  connector  sealed  i«  this  woaerhat  been  exposed  on  aircraft  omen  foraslaagat  IK  aaonthswsth  no  degradation 

to  (he  co— ector  (tee  Fig.8). 

7.  Co— acton —ernai  to  the  — enft  are  dean ediathesame  — eras  described  above  for  the  external  connector.  With 
MIL-C-81309  Type  J  Cbu  2  applied  inside  the  cooacctor  frequency  of  preventative  maintenance  u  dictated  by  operating 
environment. 

a.  Additional  connector  maintenance  —  scaling:  Sealing  the  back  she>  of  tnuto  pin  environmental  connectors  becomes 
necessary  under  some  conditions,  ie..  when  side  kinds  are  applied  lo  pins,  when  wetting  agents  are  used  m  the  connector  hack 
shell  areas.  When  these  conditions  exist,  the  back  shell  of  the  com ector  is  scaled  as  follows:  The  retainer  ring  and  backshell  are 
loosened  and  slid  up  the  wire  bundle  exposing  the  rubber  fro— net  containing  wire  receptacles. 

b.  Thcareaof  the  rubber  grommet  is  cleaned  using  an  arid  brush  and  MIL -C-81 302.  verifying  that  sealing  plugs  (dog  hones) 
are  installed  in  unused  wire  receptacle  cavities.  Sealant  is  applied  (RTV-3I40  alcohol  cure),  to  the  back  side  of  the  rubber 
grommet,  working  the  nozzle  of  the  apphettor  through  the  wire  bundle  to  ensure  complete  coverage  (sec  Fig  7)  Sealant 
thickness  should  not  exceed  l/16'(1.59  mat).  Additional  sealant  may  he  added.  Hosvever.at  no  time  shall  sealant  exceed  1  8* 
(3.2  nun)  thickness.  Position  connector  face  parade!  to  the  floor/deck  for  30  minutes  for  initial  cure  of  sealant  After  30 
minutes,  the  connector  may  be  reconnected;  however,  the  sealant  stiU  require  24  hours  for  complete  cure. 

8.  When  this  procedure  was  developed  RTV-1 18.  which  is  an  acetic  acid  cure  material,  was  selected  because  it  is  dear, 
allowing  the  electronic  technician  lo  read  pin  numbers  on  the  sealed  back  of  the  grommet.  Wires  can  be  changed  with  sealant  in 
place  using  standard  tools.  When  a  wire  IS  replaced  a  drop  of  sealant  is  placed  in  the  area  where  wotk  is  accomplished  RTV 

1 18  has  been  replaced  with  dear  RTV-3140  wtuch  is  a  dear  alcohol  cure  material  eliminating  the  corrosive  acetic  acid. 
RTV-1 18  can  be  used,  but  time  for  a  full  24  cure  must  be  used  to  which  requires  connector  to  remain  open  preventing 
corrosion  caused  by  gas  off  of  the  acetic  add.  The  only  acetic  add  cure  material  in  use  is  RTV-730  which  h.  a  white  high 
temperature  material  with  a  working  temperature  of  550*— 60<rF  (28T— 3I5T).  Use  ol  RTV-730  must  be  authorised  by 
engineering  authority . 

9.  EMI  Bonding  Corrosion  Over  the  past  20  years,  the  electronic  world  has  made  tremendous  advances  in  technology  In 
the  development  of  low  power  microelectronic  systems,  the  new  equipment  is  tight  tn  weight,  small  in  size,  ideal  for  use  in 
aircraft  where  weight  and  size  are  factors.  The  new  systems  are  generally  very  dependable  and  are  replacing  the  more 
cumbersome  mechanical  systems  used  in  today's  and  earlier  aircraft,  ie..  By  by  wire,  autopilots,  weapons  control  systems,  etc 
However,  the  new  low  power  nwcrodectromc  equipment  and  systems  are  susceptible  to  electromagnetic  inlcrierencc  (EMI ) 
caused  by  high  power  dectrosec/dectrical  sources  external  to  the  affected  system  or  equipment,  resulting  in  system /equipment 
malfunction  To  prevent  EMI  problems,  the  equipmcnt/syxtems  are  shielded  asid  grounded  by  bonding  to  the  aircraft.  Most  of 
the  materials  selected  for  boning  by  the  electronic  engineers  have  been  good  conductors  id  electricity  hut  arc  cathodic  to  the 
aluminum  substrate  they  are  attached  to.  causing  galvanic  cells  to  he  formed,  resulting  in  corrosion  (see  Fig  9) 

Facts 

a  Corrosion  of  the  airframe  is  caused  by  bonding  material 

b.  Airframe  corrosion  requires  correction  or  structural  repair. 

c.  Bond  is  lost,  making  die  bonded  equipment  and  system  susceptible  to  EMI  as  bond  cannot  be  maintained  due  to 
corrosion  product. 

d.  EMI  protection  systems  are  required  to  ensure  operation  of  modern  mscrodcclromc  systems 
Some  bonding  systems  that  have  been  used: 

a  Bettyhnm  copper  strips  (see  Fig.9). 

b.  Silver  Med  epoxy  bonding  material  which  is  hydroscopic. 

c.  Ahmutssm  to  steel,  esc.  (see  Fig.  1 0y 

d.  Silver  loaded  silicon  rabber  EMI  seals. 

Action  needed: 

a  Development  of  EMI  protective  systems/materials  that  wig  provide  required  protection  that  Will  not  cause  corrosion  in 

the  operating  environment. 

b  Dtsclnpmeal  of  etectromc  systems  that  wii  stand  on  heir  own  in  an  EMI  environment 

10.  The  US  Navy  is  investigating  a  and  b  above  to  deter— e  die  best,  most  economical  method  to  provide  required 
protection  to  electronic  systems  and  stop  the  corrosion  from  occurring. 

As  stated  above,  Ms  tatxwW  program  is  established  dirowjhowt  dtr  US  naval  aviation  community,  it  was  established  in 
accord— e  with  Chief  of  Naval  Operations  (CNO)  tasguedons  4790.2C  and  amplified  by  OOMNAVAIRLANT/ 
COMNAVAJRFAC  instructions.  Teduwcai  informs don  is  provided  in  die  Avionics  denning  and  Corrosion 
ftevearioa/Control  Manual  NAVAIR  16-1-540.  Tra—ng  is  provided  to  supervisors  — d  electronic  Uchmi'iani  and 
met  bantu  by  Naval  Air  Maintenance  Training  Detachment  (NAMTRADET).  Naval  Air  Rework  Facilities 
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(NAVAJREWORKf  AC)  a ad  on-u/e  Naval  Aviation  Enpaceriaf  Service  Umts  (NAESU).  Detailed  requirements  tot  AtMD 
and  operational  squadrons  are  contained  in  COMNAVAIRLANT  COMNAVA1RPAC  msuucoans  at  follow*. 

A  Each  activity  shad  estsNieh  aa  avionics  deaatng  aad  corrosion  pr evenuoacontrol  program  that  win  function  on  a  day  lo 

day  basis. 

K  Avioaics  corrosion  leaai  ataben  shad  receive  NAMIRADET  training  before  they  are  considered  qualified 

c.  Awioaics  Office  iJal  have  N  AMTRADET  minim 

d.  EstaMuh  aa  avioaics  equipment  emergency  reclamation  lean  in  each  fleet  activity.  Emergency  reclamation  shall  consist 
of  electronic  lechaiciaas  who  arc  traiaed  lo  recover  avionics  rqmpmml  that  have  been  exploded  to  unusually  severe  corrosive 
condition  e-g.,  salt  water  immersion.  fire  extinguishing  agents.  battery  aad.  etc. 

11.  la  order  to  casace  htture  design  lor  avionics  components  are  more  corrosion  resistant,  the  Chief  of  Navy  Material  has 
issued  guidelines  for  prevention  aad  control  of  avioaics  carrasioa  (NAVMAT  P  4855-2  dated  June  1 183).  This  document  was 
developed  aad  made  available  lo  industry 

12T  si  tails  a  '• 

a  Avionics  corrosioa  damage  can  be  Mitmaiard  on  aircraft  and  other  military  equipment  by  a  dynamic  corrosion 
prevention/  control  program.'  - 

b.  Detailed  trauang  of  involved  personnel  must  he  provided,  ») 

c.  As  at*  material  becoam  available  the  occurrence  of  avionics  corrosion  can  be  reduced  througlyfcsigping  bones  that  will 
not  leak  aat|pMNetial  selection,  ie„  non-corrosive  materials  lor  canstructiaa  of  component/equipment.fSeeFig.l  1.)  >  ■>  . 

d.  Close  cooperation  between  ttfaeets  seethe  avionics/ aerospace  coaaauaity,  is  needed  to  insure  that  the  most  durable, 
reliable  avionics/dectronics  arc  provided  to  the  armed  force*. 

X 


(1)  G.T.Browne 

(2)  - 

(3)  Irving  S.Shaffer 
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Alloy 

Aluminum  Aloy 
Titanium  Alloy 


Magnesium  Alloy 


Carbon  and  Low 
Alloy  Steel 
(1000-8000  series) 

Stainless  Sleet 
(300— 400  series) 


Nickel- Base  Alloy 
(Incend) 

Copper-Base  Alloy 
(Inconel) 

Cadmium  (used  as  a 
protective  plating  for 
steel) 

Chromium  (used  as  a 
wear- resistant  piatwg 
for  steels) 


Silver 

Cold 


Tin 


TaMt  l:C  atraalaaaf  Maiati  -  Nnlum  and  App  anna 

■re  sf  Cartesian 

Type  of  attack  to  wkach 
ahoy  is  susceptible 

Appearance  of 
corrosion  product 

Surface,  pitting  sasd  iate  rgraualar . 

While  or  gray  powder. 

Highly  corrosion  resistant.  Extended  or 
repealed  contact  with  chlorinated  solvents  may 
result  in  embeittiemeat.  Cadmium  plated  tools 
can  cause  embrittlement  of  titanium. 

No  visible  corrosion  products. 

Highly  susceptible  to  pitting. 

White  powder  snowlike  mounds, 
and  white  spots  on  surface. 

Surface  oxidation  and  pitting,  surface  and 
intergranular. 

Reddish-brown  oxide  (rust). 

Intergranular  corrosion  Some  tendency  to 
pitting  in  marine  environment  (300  scries  more 
corrosion  resistant  than  400  series) 

Corrosion  evidenced  by  rough 
surface;  sometimes  by  red.  brown  or 
black  stain 

Generally  has  good  corrosion-resistant 
qualities.  Sometimes  susceptible  to  pitting. 

Green  powdery  deposit 

Surface  and  intergranular  corrosion. 

Blue  or  Nuc-grccn  powder  deposit 

Good  corrosion  resistance.  Will  cause 
embrittlement  if  not  properly  applied. 

White,  powdery  corrosion  products 

Subject  to  pitting  in  chloride  enviroments 

Chromium  being  cathodic  to  steel, 
does  not  corrode  itself,  but  promotes 
rusting  of  steel  where  pits  occur  in 
the  coating. 

Will  tanusb  m  presence  of  sulfur 

Brown  to  Hack  film 

Highly  corrosion  resntanL 

Deposits  cause  darkening  of 
reflective  surfaces. 

Subject  to  whisker  growth. 

Whisker-like  deposits. 
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Pan  or  Material 
FIBER:  Weaken,  supports,  etc. 


FIBER  Tmmil  strips  and  insulators. 


LAMINATED  PLASTICS:  Terminal  strips  and 
boards,  switchboard  panels,  etc  .  tube  sockets  and 
cod  forms  and  connectors. 


MOLDED  PLASTICS  Terminal  boards, 
switchboards  panels,  connector,  etc.,  tube 
sockets  and  cod  forms. 


COTTON  LINEN,  PAPER  AND  CELLULOSE 
DERIVATIVES  latidabon.  coverings, 
webbuig.  belting,  laminating  ifcelecmcv  etc 

WOOD  Cases,  houses  and  housings,  plastic 
fillers,  masts,  etc. 


m  and  Fund  an  Vasinas  Materials 

Effect  of  Moisture  and  Fungi 

Moisture  causes  swelling  which  causes  the  support  to  misalign, 
resulting  in  binding  of  support  parts.  Destroyed  by  fungi. 

Electrical  leakage  paths  are  formed,  causing  flashovers  and 
crosstalk.  Insulating  properties  are  lost.  Destroyed  by  fungi. 

Insulating  properties  are  lost  Leakage  paths  cause 
flashovers  and  crosstalk  Ddaminatton  occurs  and  fungi 
grow  on  surface  and  around  edges.  Expansion  and  contraction 
under  extreme  temperature  changes 

Machined,  sawed  or  ground  edges  of  surfaces  and  supporters  of 
fungi,  causing  shorts  and  flashovers  Fungi  growth  reduces 
resistance  between  puts  mounted  on  plastic  10  such  sn  extent 
that  the  parts  are  useless. 

Insulating  and  dielectric  properties  arc  lost  or  impaired, 
causing  arcing,  flashovers  and  crosstalk.  Destroyed  by  fungi 


Dry  rot  swelling  and  deiaimnabon  caused  by  moisture  and  fungi. 


LEATHER:  Straps,  cases,  gaskets,  etc. 
GLASS:  Lenses,  windows,  etc 


WAX:  For  impregnation. 


METALS: 


METALS,  DISSIMILAR: 


SOLDERED  JOINTS: 


Moisture  and  fungi  destroying  tanning  and  protective  materials, 
causing  deterioration. 

Fungi  grow  on  organic  dust,  insect  track,  insect  feces,  dead 
bisects,  etc.  Dead  mites  and  fungi  growth  on  glass  obscure 
visibility  and  corrode  nearby  metal  parts. 

Fungt-mhibituig  waxes  which  are  not  clean  support  the  growth  of 
fungi,  cause  destruction  of  insulating  and  protective  qualities,  and 
permit  entrance  of  moisture  which  destroys  parts  and  unbalances 
electrical  circuits. 

High  temperature  and  moisture  vapor  cause  rapid  corrosion. 
Fungus  and  hacterial  growth  produce  acid  and  other  products 
which  speed  corrosion,  etching  of  surfaces  and  oxidation.  This 
interferes  with  the  operation  of  moving  parts,  screws,  etc.,  and 
causes  dust  between  terminals,  capacitors,  plates  or  air 
condensers,  etc.,  wtach  in  turn  causes  noise,  loss  in  sensitivity  and 
arc-overs. 

Metals  may  have  different  potentials.  When  moisture  is  present, 
one  of  the  metals  (anode)  corrodes. 

Residual  soldering  flux  on  terminal  boards  holds  moisture,  which 
speeds  up  corrosion  and  growth  of  fungi.  Soldering  iron  should 
not  come  in  contact  with  wire  insulation. 


Component 


Failure  Mode 


Antenna  Systems 

Chassis,  Housings,  Covers  and  Mount  Frames 

Shock  Mounts  and  Supports 

Control  Box  Mechanical  and  Electrical 
Tuning  Linkage  and  Motor  Contacts 

Water  Traps 

Relay  and  Switching  Systems 

Plugs.  Connectors,  Jacks  and  Receptables 

Multi-Pin  Cable  Connectors 

Power  Cables 

Display  Lamps  and  Wing  Lights 
Waveguides 

Radar  Plumbing  Joints 

Printed  Circuits  and  Microminiature  Circuits 

Batteries 

Bus  Bars 
Coaxial  Lines 


Shorts  or  changes  in  circuit  constants  and  structural  deterioration. 
Contamination,  pitting,  loss  of  finish  and  structural  deterioration. 
Deterioration  and  loss  of  shock  effectiveness. 

Intermittent  operation  and  faulty  frequency  selection. 

Structural  deterioration. 

Mechanical  failure,  shorts,  intermittent  operation  and  signal  loss. 

Shorts,  increased  resistance,  intermittent  operation  and  reduced  system 
reliability. 

Shorts,  increased  resistance,  intermittent  operation  and  water  seal 
deterioration. 

Disintegration  of  insulation,  and  wire/connector  deterioration. 

Intermittent  operation,  mechanical  and  electrical  failures. 

Loss  of  integrity  against  moisture,  pitting,  reduction  of  efficiency  and 
structural  deterioration. 

Failure  of  gaskets,  pitting  and  power  loss. 

Shorts,  increased  resistance,  component  and  system  failures. 

High  resistance  at  terminals,  failure  of  electrical  contact  points  and 
structural  deterioration  of  mounting. 

Structural  and  electrical  failures. 

Impedance  fluctuations,  loss  of  signals  and  structural  deterioration  of 
connectors. 


Table  4.1:  Bask  Avionics  Cleaning  Requirements 

Always  use  the  Mildest  Cleaning  Method 

1 .  Pre-Cleaning: 

a.  Disconnect  power  supply 

b.  Ensure  all  drain  holes  are  open 

c.  Remove  covers,  etc. 

d.  Disassemble  where  practical 

e.  USE  ONLY  AUTHORISED  MATERIALS 

f.  Assure  compatibility  of  material  before  use 

g.  Mask,  protect  accessories,  components  to  prevent  entrance  of  water,  solvent/cleaning  component 

2.  Cleaning  equipment  hand  cleaning  tools  for  hand  cleaning: 

a.  Cotton  lint  free  cloth 

b.  Cheesecloth 

c.  Cotton  tip  applicators  (O  tips) 

d.  Acid  Brush 

e.  Toothbrush 

3.  Cleaning  equipment  installed/materials: 

a.  Spray  cleaning  booth 

(1)  Water 

(2)  Water  detergent 

(3)  Solvent 

b.  Ultrasonic 

(1)  Aqueous 

(2)  Chemical 
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and  non-metallics.  distilled  water  and  one  part  Isopropyl 

Alcohol,  TT -1-735,  to  affected  area  with 
Cleaning  Cloth.  Cotton.  Wipe  clean. 
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Tabic  S.t:  Recommended  Cleaning  Process  Versus  Type  of  Avionic  Equipment 


Type 

Equipment 


Aqueous 

Ultrasonics 


Solvent 

Ultrasonics 


Water  Base 
Spray  Booth 


Abrasive 

Tool 


Mini- 

Abrasive 


HOUSING/COVERS 


CHASSIS 


RACKS/MOUNTS 


CONTROL  BOXES 


INSTRUMENTS 


X(l) 


X(l) 


LIGHT  ASSEMBLIES 


X(I) 


WAVEGUIDES 


X(l) 


WIRE  HARNESSES 


SERVOS/SYNCHROS 


X(l) 


ANTENNAS.  BLADE 


ANTENNAS,  DOME 


X(l) 


X(l) 


X(!) 


ANTENNAS.  RADAR 


X(l) 


ANTENNAS,  ECM 


MOTORS 


X(l) 


X(l) 


GENERATORS 


X(l) 


X(l) 


BATTERIES 


CIRCUIT  BREAKER  PANELS 


GYROSCOPES 


X(l) 


X(l) 


PLUGS  AND  CONNECTORS 


HIGH  DENSITY  CONNECTORS 


EDGE  CONNECTORS 


COAXIAL  CONNECTORS 


PRINTED  CIRCUIT  BOARDS 


I  c 
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Table  5.2:  Cleaning  and  Drying  Restrictions 


Component 

Problem 

Solution 

Transformers 

Trap  solution  in  housing 

Seal 

Synchros  &  Servos 

Removes  lubricant  from  bearing 

Seal  or  Remove 

Meters  &  Instrument  Gauges 

Trap  solutions  through  open  back 

Seal 

Sliding  Attenuators 
(RF) 

Trap  solution  in  slide  housing 

Seal  or  Remove 

Tunable  Cavities 

Trap  solution  in  cavity  area 

Seal  or  Remove 

Variable  Attenuators 
(Microwave) 

Trap  solution  in  housing 

Seal  or  Remove 

Waveguide 

(Microwave) 

Trap  solution  in  guide  housing  (when  installed) 

Seal  or  Remove 

Rotary  Switches 

Trap  solution  through  open  housing 

Seal 

Potentiometers 

Trap  solution  through  open  housing 

Seal 

Delay  Lines 
(Physical) 

Trap  solution  in  housing 

Seal  or  Remove 

Klystron  Cavity 

T rap  solution  in  sockets 

Remove  tube  and  seal  socket 

Fan  Motors 

T rap  solution  in  housing 

Seal  or  Remove 

Paper  Capacitors 

Disintegrate 

Seal 

Printed  Circuit  Board 

Trap  solution  (when  installed) 

Remove  (clean  separately) 

Vacuum  Tubes 

Shock  damage 

Remove 

Sliding  Cam  Switches 

Shock  damage  to  cam 

Remove  or  hand  clean  only 

Crystal  Detectors 

Heat  damage  from  oven 

Dty  at  1 30T  (54'C)  maximum 

A  PC  Connectors 
(Microwave) 

Shock  damage  to  center  conductor 

Seal  and  hand  clean  only 

Wire  Wrap  Connections 

Shock  damage 

Hand  clean  only 

Gyroscopes 

Trap  solution  in  housing 

Seal 

Table  6 
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-  Clll  paper  addresses.  with  axaaplae.  th*  causa, 
affect  and  pravantlon  of  corrasioa  as  it  rotates  to 
Caaadiaa  Parc**  aircraft,  it  deals  particularly  with 
aircraft  operated  ia  a  aarlaa  aavlronaeat  and  is 
based  ea  th*  axpariaacas  of  th*  authors  dot lap 
previous  service  with  the  Departaeat  of  Matloaal 
Do fence  and  ia  their  present  employment  la  industry. 
The  Caaadiaa  Perees  cerreeioa  preveatloa  treatment 
program  is  also  aeatloned.-^aad  we  have  taken  th* 
liberty  to  discuss  it  brieflyTx 


IMMCBUCTIOM 

1.  Th*  purposes  of  this  paper  are  threefold  at  follows: 

a)  to  stimulate  thought  aad  discussion  on  th*  subject; 

b)  to  enhance  th*  sndarstandlag  of  the  subject  by  readers;  and 

e)  to  promote  activity  into  research  and  development  of  corrosion-resistant 
avionics,  as  well  as  implementation  of  maintenance  oriented  corrosion 
preveatloa  and  treatment  programs. 

At  present  la  the  Canadian  Forces,  there  is  considerable  effort  expended  in 
th*  prevention,  detection  aad  treatment  of  corrosion;  however  it  is  mainly  focused  on 
aero-engine  and  airframe  areas  with  little  attention  paid  to  avionics,  until  coaponent 
failure  results. 

H1BTCMT 


a.  The  first  avionics  corrosion  was  likely  recorded  in  an  aircraft  log  set  as  a 

green  deposit  forming  on  copper  or  brass  terminal  lugs.  This  was  commonly  called 
verdigris  or  green  rust.  The  treatment  was  vigourous  application  of  a  wire  brush  and 
preventative  maintenance  was  th*  application  of  copious  guantitles  of  petroleun 
Jelly,  alee  known  as  vaseline.  Incidentally,  the  sane  methods  also  applied  to  the 
terminal*  of  lead-acid  batteries  commonly  used  during  that  era. 


!■  11  la  hoped  that  readers  will  bear  with  the  above  tongue-in-cheek  approach  to 
th*  subject  since  it  is  intended  to  draw  attention  to  the  dearth  of  historical  data 
related  to  th*  subject  of  corrosion  in  avionics.  It  is  only  in  hindsight  that  on*  who 
D*d  been  involved  ia  avloalcs  maintenance  tor  over  thirty  year*  realises  the  number  of 
incorrect  procedures  which  were  common  practice.  Aa  sxampls  of  this  is  solder  flu* 
corrasioa  which  can  result  from  th*  us*  of  activated  rosin  cor*  solder  a*  well  a*  acid 
or  inorganic  chloride  flux  cor*  solders.  Mbit*  it  has  long  been  recognised  that  th* 
l**t*r  should  net  be  used  in  aircraft,  it  was  only  recently  that  the  former  was 
officially  recognised  as  a  source  of  corrosion  aad  clearly  identified  in  both  mavaib 
14-1-4*0  aad  MAVAIB  Ol-lA-SOS  as  iaappropriat*  for  us*  in  avionics  equipment. 


*■  **•  Canadian  Perce*  did  not  have  a  structured  corrosion  control  program  in 

Dleoe  until  the  early  1940s  when  signif leant  corrosion  damage  was  found  on  Qruaman  CS2F 
■Tracker*  ABM  aircraft.  This  was  mainly  airframe  related  but  did  result  in  a  nor* 
la-depth  inspection  aad  a  program  called  -TBACBAP*  (Tracker  Corrosion  Benoval  aad 
Prevuatieaj.  This  program  entailed  removal  of  all  avionic  black  boxes,  which  were 
rented  te  shop*  for  inspection  and  cleaning,  thorough  inspection  of  th*  aircraft, 
cerrosion  removal  and  treatment,  thereugh  washing  of  th*  aircraft  and  application  of 
1°  ell  areas.  This  program  proved  highly  successful  and  was  continued  until  th* 
Boynl  Canadian  Mevy  (B.C.M.)  decommission**  their  only  carrier.  H.N.c.S.  Bonaventur*. 
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5.  During  this  same  c la*  frame  tba  Sea  King  Halieoptar  (orglnally  designated  in 

Canada  aa  CHS8-2.  now  CH124A)  was  acquired  and  introducad  into  tba  fleet  as  an  A.S.N. 
platform.  Initially  (lying  (cea  tba  eaztiar  and  avantaally  (con  Destroyer  Escorts 
(DON).  Tba  operational  environment  -  sonar  dipping  at  40  (aat  altitude  -  resulted  in 
tba  ingress  of  significant  aaouats  of  salt  laden  air  to  tba  cockpit  and  cabin  area,  in 
addition,  tba  flight  deck  of  the  DOH  is  ralativaly  close  to  tba  ocean  surface  and  is 
therefore  subject  to  salt  spray  and  tbs  occasional  wave,  nil  of  the  above  factors 
contributed  to  an  increase  in  corrosion  in  tba  fleet,  a  resultant  Increase  in  corrosion 
related  defects  sad  aircraft  down  tins.  la  order  to  address  tbis  problen,  reduce 
eortoslon  defects  and  to  increase  operational  availability,  several  positive  steps  were 
taken: 

a)  training  in  corrosion  control,  detection,  treatuent  and  prevention  was 
added  to  the  various  training  curriculuns  for  maintenance  personnel: 

b)  A  corrosion  control  kit  was  developed  and  issued: 

c)  Information  was  developed  or  adopted  and  disseminated  in  the  form  of 
technical  orders:  and 

d)  A  Corrosion  Control  Program  of  prevantative  maintenance  was  initiated  in 
all  sbipborne  detachments  of  helicopters.  Aircraft  deployed  at  sea  or 
operating  over  the  sea  were  thoroughly  washed  with  fresh  water  at  the 
end  of  each  days  flying  operations.  The  helicopter  was  divided  into 
areas  so  thst  an  area  could  be  thoroughly  inspected,  cleaned  and  treated 
as  necessary  and  the  entire  aircraft  was  thus  completely  inspected  and 
treated  once  a  week.  Products  such  as  AKLOUARD.  LPS-1.  lps-3  and  wd-40 
were  specified  for  applicable  use.  The  results  were  positive  but  not 
spectacular.  Corrosion  wss  reduced  and  damage  minimized,  however 
improvements  were  restricted  to  airframe  and  engine  areas.  Avionics 
corrosion  prsvention  was  limited  to  spraying  LPS-l  on  connectors  or  the 
liberal  application  of  DC-4  silicon  on  ekternal  power  receptacles. 
This,  unfortunately,  is  still  vary  much  the  situation  as  it  stands  today. 

EXAMPLES 


6.  The  Canadian  Forces  has.  in  recent  years,  adopted  a  policy  of  maintenance  as 
necessary.  That  is,  "If  ic  works  don't  fit  it."  As  a  result,  many  of  the  components 
in  the  aircraft  are  never  removed  unless  they  fail.  They  are  Inspected  ln-situ  and 
perhaps  given  a  perfunctory  cleaning.  The  following  illustrations  of  Instruments, 
taken  from  a  CH-124A  Sea  king  Helicopter  at  the  IMP  facility,  provide  esamples  of  the 
result.  The  instrument  panel  waa  originally  manufactured  from  magnesium.  The 
instrument  cases  are  either  tinned  copper  or  brass,  protected  by  a  matte  black  paint. 
The  paint  became  chipped  or  worn  on  both  instruments  and  the  magnesium  panel,  and  with 
the  aid  of  salt  laden  air  to  provide  the  electrolyte,  galvanic  corrosion  took  place. 
The  corrosive  damage  to  the  instrument  appeared  minimal  as  illustrated  in  Figure  1 
(without  magnification). 

7 .  However  when  viewed  under  a  100X  microscope.  Figure  2.  it  can  readily  be  seen 
that  the  Integrity  of  the  hermetically  sealed  case  has  been  breeched.  similar 
comparison  nay  be  noted  in  Figures  3  and  4  as  well  as  Figures  5  and  6.  Incidentally 
all  three  of  these  Instruments  were  removed  from  the  same  aircraft  during  Depot  Level 
Inspection  and  Repair  at  IMP  group  Ltd.  Figures  7.  8  &  9  illustrate  the  estent  of  the 
corrosion  on  the  Instrument  panel,  while  Figure  10  clearly  shows  corrosion  visible  to 
the  naked  eye  on  an  instrument.  As  a  result  of  these  findings  we  are  advised  that  the 
Canadian  Forces  is  initiating  action  to  have  all  instruments  removed  from  the  airctaft 
for  inspection  and  treatment  at  ovary  periodic  inspection  interval  (400  flying  hours). 

8-  Figure  11  illustrates  the  condition  of  a  relay  that  has  very  likely  never  been 

removed  from  the  aircraft  since  first  Installed  20  years  ago.  This  relay  was  still 
electrically  serviceable  and  functioning  despite  the  severe  external  corrosion 
Illustrated  in  Figures  12  and  13. 

9.  IMP  group  bss  had  some  experience  in  salvaging  aircraft  which  have  been 

immersed  in  water,  both  salt  and  frash.  one  such  aircraft  which  had  been  safely  landed 
in  the  North  Sea,  off  the  coast  of  Holland,  and  subsequently  badly  damaged  in  the 
salvage  operation,  was  restored  by  IMP  to  flying  condition.  Several  interesting 
lessons  were  learned  from  this  experience.  Although  all  the  correct  decontamination 
procedures  were  followed;  ie:  wash  with  fresh  water,  spray  with  WD-40  etc-etc.  initial 
inspection  of  the  aircraft  on  return  to  Canada  revealed  extensive  corrosion  of 
electrical  component  such  as  relays,  circuit  breakers,  switches  etc.  No  corrosion  was 
initially  found  in  the  wiring,  however,  within  a  few  weeks  a  white  to  green  chalky 
corrosion  was  noted  on  the  shielded  wiring  near  the  ends.  It  was  decided  that  this 
could  be  removed  by  cutting  off  the  corroded  poction  and  re-terminating.  it  soon 
became  evident,  however,  that  the  shielding  acted  as  a  wick  and  that  corrosion  was 
proceeding  rapidly  throughout  the  length  of  all  shielded  wire.  This  necessitated  the 
complete  replacement  of  all  shielded  wiring  which  had  been  subjected  to  salt  water.  A 
more  recent  experience  involves  the  restorstlon  of  a  sea  King  Helicopter  which  crashed 
and  turned  turtle  la  a  "fresh  water"  lake  while  practicing  landings  and  takeoffs.  The 
emphasis  on  the  term  "fresh  water’  is  for  a  very  good  teason.  Although  the  authors 
have  not  had  the  water  from  this  lake  analysed  it  is  apparent  that  there  must  be  a  high 
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acid  «>tnt  sine*  the  corrosion  of  components.  pactieululr  those  which  bold  some  of 
tbo  wotoc  foe  on  oxtobdod  period.  «<«■  oooily  •«  bod  ot  If  tbo  aircraft  had  booo 
submerged  in  oalt  wotoc.  Tbio  in  clearly  visiblo  in  Figures  l«  and  is. 

10.  An  unuoual  but  interesting  example  of  cottoaion  waa  found  aa  an  offaboot  of 
tbia  accidoat.  Sono  of  tbo  avionic  components  of  tbo  airccoft.  includiap  tbo  Automatic 
stabilixa-  tion  Equipaont  (ASE)  Aapiifioc.  wore  aalvaqod.  atrippod.  claanod,  tcoatod 
and  cobuilt.  Aftoc  a  aboct  poclod  of  opocatioa  tboy  woco  found  to  oxhibit  aiqna  of 
what  appoacad  to  bo  coctoaion.  Tbia  waa  avidancod  by  a  whita  powdory  aubotanco  on 
abacp  cocnoca  ot  diaecoto  coaponanta  ouch  aa  tcanafocaota.  coalatoc  loada,  ciccuit 
board  traeba.  coanoctoca  and  mounting  bacdwaco.  Subaoquont  analyaia  and  invoatigation 
covoalod  tbo  coctoaion  pcoducta  to  bo  load  and  tin  aalta  of  focaic  acid,  baalcaliy 
coaetion  pcoducta  of  focaic  acid  and  aoldar  (tin  load  alloy). 

11.  Tbo  ocigln  of  tbo  focaic  acid  waa  initially  a  ayatocy.  Suapicion  at  flcat 
focuaod  on  tbo  confocaal  coating  appliad  to  ciccuit  boaeda  aftoc  aaaoably  la  complete. 
Tbia  coating  aatocial.  an  Epoxy  Inaulating  Vacniah.  waa  aubaoguontly  toatod  and  no 
ovidonco  of  focaic  acid  waa  found.  Tbo  invoatigation  than  focuaod  on  tbo  cleaning 
aolvonta  uaod  in  tbo  ultca-aonlc  eloanoc.  Trichlocotrif luocathane  (FREON  TP), 
auppoaodly  confotaing  to  NIL-C-S1302.  Tbo  batch  waa  quacaatinod  and  aaaplox  analyxod. 
Tbia  analyaia  pcovad  that  tbaco  woco  in  fact  contaalnanta  which  c ana i nod  on  tbo  boaeda 
aftoc  cleaning  and  atayod  docmant  until  tbo  eonponenta  boated  up  In  opocatlon.  The 
contaninanta  than  pcoducod  focmie  acid  in  gaaaoua  focn  which  bled  through  the  conformal 
coating  to  aottlo  on  metallic  componenta  and  pcoduea  tbo  white  powder  aa  a  by-product 
of  coccoalon.  A11  of  tbo  componenta  affactod  woco  recalled,  atrippod  of  conformal 
coating,  cocloanod  ultra-  conically  uaing  tbo  a  a  no  typo  of  aolvont  (diffacont  batch) 
and  returned  to  aorvice  with  no  fuetboe  problome. 

DISCUMIOW 

12.  Aa  can  bo  aeon  from  the  oxamplaa  previously  daacclbod.  coccoalon  cornea  in  many 
forma,  from  many  aourcoa.  and  ia  inaidioua  in  ita  attacks.  Tboro  are  a  few  metallic 
eubatancas  which  exhibit  resistance  to  coccoalon.  elthac  through  natucal 
chacactocistica.  is.  gold,  or  because  of  a  treatment  ot  pcocess.  to.  stainless  steal. 
Evan  theeo  materials  have  drawbacks  as  tagards  tboic  uso  in  tbo  design  of  avionics 
equipment,  either  because  of  the  softness  in  the  former  case  oc  in  poor  conductivity  in 
the  latter. 

13.  Progress  has  bean  made  in  the  design  of  avionics,  both  in  the  use  ot  corrosion 
resistant  materials,  such  as  stainless  steel  connector  shells  for  use  in  "SWAMP'  areas 
and  in  better  protection  of  componenta  from  the  elements,  and  tn  particular,  the 
ingress  ot  moisture.  Pot  example,  there  ia  available  a  complete  line  of  shrinkable 
connection  devices  such  as  splices,  shield  terminators  and  co-axial  connectors  which 
are  easily  installed  and  which  completely  seal  out  moisture.  In  addition,  shrink  fit 
encapsulation,  boots  and  transitions  in  many  forms  are  available  and  should  bo  used  in 
conjunction  with  corrosion  resistant  hardware  in  areas  of  aircraft  which  are  exposed  to 
the  elements. 

12.  Our  company  is  in  the  process  of  completely  rewiring  the  Canadian  Forces  fleet 
of  Sea  Ring  helicopters.  We  have  taken  full  advantage  of  the  many  new  products  in  the 
market  to  reduce  the  possibility  of  electrolyte  being  introduced  to  the  many  dissimilar 
metal  "batteries"  which  exist  throughout  the  aircraft. 

is.  Water  displacing  compounds  which  leave  a  moisture-proof  skin  over  areas  which 
are  prone  to  corrosion  are  coming  into  more  general  use.  For  example  a  product 
available  under  HIL-C-SS054  is  being  used  by  IN’  to  protect  ground  studs  in  the  Sea 
Ring.  After  all  ground  wires  are  assembled  to  the  stud  and  checked  to  ensure  proper 
bonding,  two  coats  of  this  material  are  applied,  with  a  drying  period  in  between.  The 
result  is  a  transparent  waterproof  seal  which,  if  corrosion  is  detected  through  the 
transparency,  is  easily  removed  with  a  solvent  for  treatment  of  the  corrosion.  These 
same  materials  or  similar,  as  discussed  in  previous  papers  presented  to  this  committee, 
may  be  used  to  great  advantage  in  protecting  antennas  and  antenna  co-axial  connectors 
from  corrosion  which  is  prevslent  by  virtue  of  the  location  of  many  antennae  in  the 
hull  of  the  vehicle. 

CONCLUSIONS 

16.  Corrosion  will  be  a  major  cause  of  aircraft  and  avionic  equipment  failure  tor 
the  foreseeable  future.  We  as  engineers,  scientists,  designers,  and/or  maintainors  can 
minimise  the  cause  and  effect  ot  corrosion  through  development,  design,  application  and 
education  programs.  Progress,  however,  can  only  be  achieved  through  improved 
technology.  Improved  technology  requires  Research  and  Development  (RAD)  which  must  be 
funded.  In  order  to  attract  RAD  funding.  It  must  be  proven  to  fleet  operators,  either 
civilian  or  military  that  the  cost  is  warranted.  It  follows,  therefore,  that  we  must 
be  more  effective  in  documenting  the  costs  ot  avionics  corrosion  results  in  mission 
aborts  or  reduced  capability,  increased  maintenance  costs  etc.,  etc,  but  until  we  can 
put  a  proven  firm  price  on  it  the  chances  of  attracting  more  RAD  funding  ate  slim. 


Fig.  6 


Instrument  case  with 
corrosion  apparent  to  naked 
eye. 


Area  of  corrosion  in  Fig.  b  magnified  to 
illustrate  case  integrity  is  breeched. 


Fig.  7  Instrument  panel.  Sea  King  Helicopter.  Note  white  material 
evidence  of  salt  water. 
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Close  up  of  instrument  panel  illustrating  extent  of  corrosion  on 
light  socket. 


Relay  corrosion 
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ABSTRACT 


Avionic  manufactur in*  and  env lronaental  conditions  generate 
corroaiona  and  /  or  make  eaaier  the  action  of  corroaion  in 
various  part  of  an  avionic  system.  This  paper  deals  with  a 
brief  survey  of  envlronaental  conditions  in  the  avionic 
field,  how  to  reproduce  them  in  accordance  with  norms  and 
which  associated  problems  could  occur.  *» 


All  parts  of  an  avionic  syatea  are  successively  examined  : 
housing  box,  printed  circuit  boarda,  hybrid#  and  integra¬ 
ted  circuits.  For  each  part,  example;  and  solut ion*  1  are 
given.  r  * 


1.  INTRODUCTION 


1 .1  Equipment  description 

SAGEM  avionic  systems  are  airborne  on  various  aircrafts.  They  intensively  use,  among 
others,  the  ULISS  Inertial  navigation  units. 

A  ULISS  system  Is  a  lidded  box  housing  a  platform  and  a  set  of  electronic  modules. 
An  electronic  module  is  a  two  printed  circuit  board  sandwich  cemented  on  a  metallic 
frame.  Air  forced  between  both  printed  circuit  boards  cools  down  the  electronic. 

50  to  150  electronic  parts  are  laid  out  on  each  printed  circuit  board  such  as  : 

-  integrated  circuits,  MSI,  LSI,  VLSI, 

-  thick  and  thin  film  hybrids, 

-  discrete  components. 


1.2  Avionic  systems 

Avionic  systems  undergo  the  most  severe  environmental  conditions.  So  the  Joined 
action  of  tropical  molds  or  fungil  and  humid  heat  causes  coating  varnish  and  paint 
corrosion.  On  aircraft  carriers  salt  and  humidity  create  stray  electrolysis  giving  birth 
to  corrosion  when  equipment  is  on.  Airplanes  themselves  give  off  kerosene,  motor  oil  and 
other  products  enabling  corrosion  to  settle  in. 

In  spite  of  anti-corrosion  technics  applied  all  along  our  system  designs  two  corro¬ 
sive  attacks  took  place  on  our  electronic  modules.  This  paper  deals  with  them  both. 

One  has  only  a  cosmetic  effect  on  electronic  modules  and,  so  far,  no  railure  can  be 
related  to  It.  The  other  one  concerns  Integrated  circuit  realization.  It  is  reponslble 
for  a  significant  number  of  failures  in  the  field. 

We  came  up  with  solutions  in  both  cases,  which  were  successfuly  applied.  These 
attacks  are  directly  related  to  electronic  modules  and  their  protection.  Other  kinds  of 
corrosion  exist  that  shorten  the  life  expectancy  of  non-electronic  parts  on  avionic 
systems . 

They  are  : 

-  rubber  corrosion, 

-  corrosion  due  to  vibrations  and  more  particularly  when  unmatched  tolerance  and 
gaps  between  mecanlchal  parts  occur. 

The  so-called  "Fretting"  corrosion  osn  also  be  listed. 

All  those  vibrating  attacks  will  not  be  dealt  with  in  this  paper. 
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2.  wmwmm  coiimogg  a—  wocum  cohmiom 

2.1  u&sasggjjgs 

Environmental  conditions  will  bo  broken  up  Into  throo  types  : 

-  climatic  :  gathering  natural  element*  auch  aa  humidity,  condonaat ion .  thaw, 

rain,  aoa  air,  aolda  and  alldow, 

-  advent*  s  all  artificial  products  that  can  bo  found  in  tho  field, 

-  oloctrical  :  aa  far  aa  eorroslon  la  eoneornod  this  environmental  condition  is  aoat 

ofton  combined  with  tho  foraor  two  i.e.  :  if  a  high  potential  exists 
botwoon  two  oloctrical  runs,  on  a  printed  wiring  board,  in  a  wet  at- 
■osphore,  an  electrolysis  oould  appear  and  becoae  very  aignl Meant . 

2.2  Tables  of  environments  and  oorroaloa 
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3.  ^  littfMl  itchmUtl  pfottctlom 


t 


Proper  protection  of  electronics  begins  with  efficient  packaging. 


The  covers  end  housings  nust  be  conceived  to  avoid  as  nuch  penetration  of  corrosives 
i  as  possible,  while  respecting  both  mechanical  and  thermal  requlrenents . 

Mechanical  parts  should  be  designed  so  as  to  avoid  water  accumulation  through  con¬ 
densation  or  defrosting. 

Materials  used  In  packaging  also  have  corrosion  problens  which  we  will  briefly 
»  explore  here. 


MATERIAL  UTILIZED 
(SAGEM  AVIONICS) 

UTILIZATION 

ASSOCIATED  CORROSION 

PROTECTION  USED 

ALUMINUM  * 

5066 

(AGAMC) 

Basic  light  parts  ob¬ 
tained  through  processing 
and  not  requiring  high 
nechanlcal  performances 

Formation  of  alumina 
causing  poor  elactrlcal 
continuity  In  the  assembly 

Chroma t  laysr 

Nlofcel -plating 

Paint 

606 1 

Ditto  AG4MC 
(more  rigid  parts) 

Possible  formation  of 
galvanic  couples  and 
thus  corrosion  by  loss 
of  substance 

R 

AlSi  7Mg  03 
(AS7C03) 

Lost  wax  casting 

R 

2017A 

(AUAC) 

Originating  from  axlstlng 
shaped  parts 

A Iodine 

|  | 

STEEL 

xTSr  *1  18-10 

(Z2  CH  18-10) 
(Stalnl.a.  stml) 

Sa.ll  parts 

Problems  of  galvanic 
couples  with  other  metals 
(->  attack  on  the  other 
metals) 

Passivation 

30  Ml  Cr  11 
(30  NC  m 

The  sane  usage  as 
stainless  steel,  however. 

35  El  Cr  Ho6 
(35  EC  D  6) 

is  superior  with  fewer 
problems  of  galvanic 
couples 

Corrosion  in  a  marine 
(salty)  environment 

NEOPRENE  RUBBER 

O'  Ring 

Oil,  Kerosene,  Androx 

NONE 

NOTES  : 


-  Surface  protection  for  electrical  continuity  between  nechanlcal  parts. 

The  surfaces  to  be  connected  must  be  completely  free  of  any  oxide  or  contamination  ;  It 
is  therefore  necessary  to  apply  a  specific  treatment  before  any  other  treatment  such  as 
paint  or  other  finish. 

The  areas  requiring  electrical  continuity  nust  be  masked  before  applying  the  second 
treatment. 


-  Rubber  protection 

Rubber  corrosion  are  not  very  well  known.  Corrosion  susceptibility  depends  on  the 
nature  of  the  rubber  to  be  used  in  a  given  corrosive  atmosphere,  rather  than  on  protec¬ 
tion  of  the  rubber  itself.  In  all  corrosive  attacks  where  oil,  kerosene  and  VDkO  are 
concerned.  It  is  better  to  use  fluorosillcones  Instead  of  neoprenes. 


3.2.1  NtUMili  u»e4_la  oar  |riitt<  circuit  ftotrla 


SUB- ASSEMBLIES 

MATERIALS 

Frame 

Aluminium  ( AG5 ) 

Printed  circuit 

Epoxy  ( FB* ) 

Buna 

Copper  ♦  tin  -  lead 
deposit 

Contacts 

Copper  or  beryllium 
copper  plated  with  nickel 
*  gold  or  Juat  gold 

Global  protection 

Varnish  (finish) 

3.2.2  Corroa Ion a_«n count •red_*_probable  cauaia 

A)  Paring  oporatlon  i 

-  Attack  or  tha  hybrid  case  and  translators,  cracks  developped  on  the  cases.  An  analysis 
of  the  corrosion  residues  revealed  a  stellar  composition  to  the  materials  making  up  the 
case  and  its  protection  (Kovar  ♦  gold). 

These  attacks  were  encountered  in  two  different  situations  i 

t)  usage  in  a  marine  environment. 

2)  usage  in  a  tropical  country. 

In  both  cases,  a  flaw  in  the  watertightness  and  quality  of  the  protecting  varnish  (IB31 
HZL-I  *60580  allowed  these  attacks  caused  by  humidity. 

It  should  be  noted  that  these  hybrid  cases  are  covered  with  gold  and  thus  protected. 
This  type  of  attack  should  therefore  not  occur. 

-  Attack  of  the  contacts  with  degradation  of  the  gold  and  nickel  platings  as  well  as  the 
brass  making  up  the  base  of  the  contact. 

-  Attack  of  the  PCB  frame  in  an  area  near  the  contacts  mentioned  above. 

Probable  causes  : 

The  varnish,  attacked  in  one  case  by  contaminants  present  In  ventilation  and  in  an¬ 
other,  by  the  molds  and  mildews  present  in  humid  tropical  air,  lost  its  protective 
qualities  and  became  porous,  thus  allowing  the  action  of  climatic  corroding  agents 
(corrosion  of  the  case). 

Furthermore,  presence  of  areas  of  humidity  and  solvent  accumulation  allowed  an  electro¬ 
lysis  or  the  pins,  between  themselves  and  with  the  frame.  The  pins  attacked  were  of 
course  those  supporting  the  highest  voltage. 

B)  During  qualification  teats  1 

After  an  artificial  rain  test  :  electrical  pins  of  a  small  connector  were  corroded. 
Associated  wire  wraps  were  also  degraded  and  a  green  foam  was  found  on  them. 

Probable  cause  : 

water  penetrated  into  the  system  through  an  opening  located  at  the  base  of  the  sys¬ 
tem  in  an  area  close  to  the  connector,  starting  an  electrolysis  when  the  system  was  on. 

-  It  should  be  noted  that  a  highly  wet  ambiance  could  trigger  the  same  kind  of  problem  in 
operation. 


3.2.3  Available  protect  ion 

Each  sub-assembly  of  our  electronic  modules  is  protected  on  an  individual  basis  : 

-  aluminum  frames  receive  a  soft  surface  protection  such  ae  alodlne, 

-  a  layer  of  gold  is  deposited  on  copper  eleotrlcal  contacts, 

-  hybrid  cases  are  made  of  Kovar  plus  a  layer  of  gold. 

These  different  protections  are  not  always  compatible  because  of  high  galvanic 
couples.  They  must  not  be  in  contact  or  even  too  close  to  each  other  In  the  presence  or  a 
liquid  resulting  from  condensation  or  thaw. 
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Te  ImUK  different  uMrUll  from  each  other  and  avoid  any  humidity  or  otkar 
liquid  penetration,  tha  final  aolutloa  la  to  eoat  the  oatlra  alactronlc  aodula  with 
varalsh. 


Ia  varnishing,  hontvar ,  a  new  problem  arises  i  It  la  difficult  to  inspect  If  It 
•eaa  la  all  lataratltlal  parts  aad  aora  particularly,  batwaaa  aad  under  eoapoaaat  laada 
and  coaaaator  plaa.  Tha  hand  aa da  coaaaotor  leaatad  at  tha  Paaa  of  tha  aodula  la  vary 
sensitive  aad  difficult  to  coat.  Oaa  aolutloa  applied  to  aoea  of  our  systems  la  to  add 


*ou  to  svaeuate  liquid  froa  aaaaltlaa  araaa  la  aaother  prohlaa.  da  known,  aoaa 
llqulda  halp  electrolytic  traaafera  aad  ertaa  embody  corrosives  :  aalt  la  a  aariaa  atno- 
apharo,  solvsnt  alaad  ulth  eoollag  air  ...  uhaa  aeeuaulatad  la  tha  coaaaotor  area,  at  tha 
baaa  of  tho  aodula,  they  aould  create  oorroaloa  attache  of  tha  varnish  aad  ao  doing, 
allou  further  degradation  of  tha  aodula. 

It  la  tharofora  oltal  to  allataato  all  poealble  trapa  for  llqulda.  To  create  a 
eoatlauoue  cater  drala,  aaaoolated  ulth  good  heraetioity  of  all  aaaaably  cor era  and  llda, 
uould  be  tho  aolutloa  to  auaoroua  problaaa. 

Modulee  ulth  eonneetera  plaoed  along  their  cortical  adgaa  arold  uatar  accuaulatlon 
problaaa  around  thea.  Unfortunately,  it  la  not  aluaya  poaalble  to  place  than  ao. 

finally.  In  our  ayatoaa  ue  mat  raeall  that  by  dealgn  tha  cooling  air  la  forced 
batuaan  tha  tuo  fug's  and  through  tha  fraaa  to  gat  rid  of  any  direct  contact  batuaan 
polluted  fanned  air  and  aa  electronic  part,  furthermore  a  heraetioity  ribbon  all  around 
the  rum's  ia  intonted  to  ochiere  perfect  iaolatloa  froa  the  cooling  air. 


3.2.0  CMtarj,a_fer_the_aholoa  of_var*lah_or  other  protest Ion 
Wain  criteria  of  choice  arc  i 

-  rcalatancc  to  corroalra  agenta, 

-  good  dlaaountabllity  for  aalnteaanca  purpoaca, 

•  hygiene  i  all  produota  uaad  to  build,  aalntaln  or  fit  auat  not  be  hatardoua  to  the 
health, 

-  tha  ratio  coat/aarrlca  auat  be  craluateq, 

•  finally  the  aoaaetlo  aapect  aay  be  taken  into  account.  It  could  be  dealrable  to  have  a 
unlfora,  aleak  aapeot  of  the  coating  ulth  a  certain  tranaparcncy. 

Wa  aay  note  that  the  firat  tuo  criteria  are  not  aluaya  coapatible.  A  corroalve  agent 
realatant  coating  ulll  quite  often  be  hard  to  raaore  uhen  repairing  a  aodula,  and  uill 
neoeaaltate  hatardoua  producta  for  reaoral. 

Aa  often  In  technical  araaa,  the  aolutlon  ulll  be  a  coaproalae  dictated  by  a  budget, 
of  the  proa  and  the  oona  of  tha  problem  to  be  aolred. 

3.3  lataaratad  olrcalta 

Corroai on  aay  be  aeen  lnalde  or  outeide  the  caae  or  Integrated  circuits.  External 
corroalon  haa  already  been  atudled.  Internal  corroalon  ia  described  hereafter. 

3.3.1  Corroalon  oaeoaatored 

Electrical  biaa  and  hualdlty  are  the  aaln  activating  factors  of  integrated  circuit 
Internal  corrosion. 

They  are  responsible  for  metallic  migrations  and  oxydea  being  foraed  which  then  can 
produce  short  or  open  circuits. 

Moisture  In  the  Interior  ataosphere  la  quite  often  due  to  a  lack  of  heraetlclty  In 

package  sealing. 

Though  those  phenomena  are  today  well  known,  they  still  continue  to  generate  rail- 
urea  In  the  field. 

The  types  of  corrosion  aoat  often  observed  are  the  metallic  ones  at  the  interconnec¬ 
tion  level  i 


HETALLI2ATI0R 

CORROSIVE 

CATALYST 

Alualnua 

chloride  (l) 

water 

high  density 

Gold 

chloride 

water 

(l)  Cleaning  products 


(2)  Si  Og  to  isolate 


7-6 


3. 3. 1.1  Aluminum 

Effect*  of  eorrosion  on  aluminum  run*  are  open  circuits  caused  by  oxydea. 

The  mechanism  is  simple  chloride  ions  sake  breaches  into  the  natural  aluminum 
passive  oxyde  skin  covering  runs  and  lands.  In  so  doing  aluainua  cones  into  direct  con¬ 
tact  with  air  aoisture  and  a  quick  corrosion  appears  all  over  the  unbiased  chip.  Under 
bias  conditions ,  chloride  ions  aove  towards  anode  runs  and  lands.  Consequently  a  faster 
corrosion  of  positively  biased  aluainua  run  is  seen. 


3. 3. 1.2  Gold 

Effects  of  corrosion  on  gold  aetali i nations  are  short  circuits.  They  are  aoatly 
created  by  electroplated  gold  dentrites  bridging  close  runs  or  lands.  Electrical  bias  and 
aoisture*  here  again,  are  aaln  factors  of  the  corrosion. 


3.3.2  Precautions  during_produet ion  process 

Precautions  to  take  during  production  process  are  quite  obvious  :  chloride  and  mois- 
ture  auat  be  avoided.  To  do  so  one  oust  absolutely. 

-  choose  heraetically  sealed  packaging  that  is  ceraalc  rather  than  plastic, 

-  carefully  clean  and  rince  before  sealing, 

-  seal  under  very  dry  ataosph ere  and  if  possible  under  neutral  gas,  such  as  nitrogen. 

3102  Isolation  layers  on  chips  or  sny  other  coating  can  reduce  the  corrosion  suscep¬ 
tibility.  All  those  steps  sust  be  applied  only  during  the  integrated  circuit  building 
process  at  aanuf acturers  facilities. 

Avionic  equlpaent  coapanles  buy  sealed  electronic  parts.  The  eneay,  if  there  is  one, 
is  already  in  the  box,  and  in  the  field,  systes  failures  will  be  observed  over  a  long 
period  of  tise.  Indeed  failure  occurence  is  related  to  corrosives  density,  to  aoisture 
level  and  to  the  lenght  of  tine  the  systea  is  on. 

Systeaat ic  burn  in  of  all  parts  of  an  electronic  systea  will  partially  kill  poten¬ 
tially  bad  parts  by  accelerating  the  corrosion  phenomenons. 

Me,  in  the  past,  suffered  such  an  attack  due  to  a  faulty  production  flow  chart  at  an 
integrated  circuit  manufacturer ’a.  The  flow  chart  showed  the  following  processing  path  on 

aetal  packages  : 


In  fact  soae  parts  had  minute  holes  or  cracks  and  during  clean  up,  chlorides  and 
water  penetrated  into  the  case. 

Then  the  dip  tin  operation  of  paokage  leads  brought  tin  over  holes  and  cracks  making 
the  oaae  hermetic  with  corrosives  inside  it.  Heraeticlty  test  was  then  within  specific¬ 
ations.  Farts  were  said  good  parts  :  it  is  the  Trojan  horse  of  corrosion. 

By  interchanging  phases  "HEBHETICITY "  and  "DIP  TIB"  the  problem  was  solved. 


Ant  1-oorrosion  technics  are  well  known.  Tet  in  spite  of  this,  we  observe  a  great 
deal  of  failures  in  the  field  owed  to  oorrosion  attacks.  Maintenance  cost  is  consequently 
at  a  soaring  level. 

Influence  of  corrosion  in  maintenance  cost  is  still  not  clear,  ir  not  to  say  un¬ 
known. 

To  have  a  good  understanding  of  it,  it  would  be  necessary  to  : 

-  systematically  perform  analysis  of  avionics  corrosives, 

•  systematically  perform  analyses  of  their  origins  and  effects, 

*  systematically  perform  analyses  of  failures  in  the  field. 
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